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SOCIAL LIFE AMONG THE INSECTS 
By Professor WILLIAM MORTON WHEELER 


BUSSEY INSTITUTION, HARVARD UNIVERSITY) 


[V—Ants, THEIR DEVELOPMENT, CASTES, NES’ 
FEEDING HABITS 


\N o occasion several years ago when | was ab 
() on ants in Brooklyn, a gentleman introduced m« 
by quoting the sixth to eighth verses of the sixt 
verbs, and then proceeded in utter seriousness 
account of their author. He said that Solomon was the 
reatest biologist the Hebrews had produced, that he had several 
and completely equipped laboratories 
throughout his reign with 
>and that the 700 wives and 
ble were really devoted graduate 
king in his myrmecological ini 
the fact that the thousand a) 
researches had been lost, 
delighted to introduce on 
As he had consumed 
of Solomon and his collabor 
‘deliver the goods’’ in the 
nd te sources of bibl eal exeg 
nformation I have never bi 
at Solomon’s few myrmecological 


to us from about 970 B. ¢ 


accurate than that story of Herodotus 


of the gold-digging ants of India. 
ieopards, and whose hides were seen by 
ider the Great, and whose horns we 


inging, even in his time, in the temple of Her 


Lowell Lectures. 


XV.—25 
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This and the many other ant stories invented 

ancient and modern writers are certainly not 

but the actual behavior of the insect is so 

that you will pardon me for not dwelling on the: 
The Formicide constitute the culminat 


Hymenoptera and have attracted many 





1@ DAs 


than a century and especially during the } 


the honey bee these insects make no appeal to « 

to that vague affection which we feel fo 
denizens of our forests, fields and gar 
quisitiveness and anxiety. Hence the 

been written on the ants may be said to 
scientific, philosophic or mere idle curiosity 
self-preservation. In the presence of the 
vividly those peculiar feelings which are 

other insects, feelings of perplexity an 
Maeterlinck has endeavored to express 

‘*The insect does not belong to our world ()t} 
the plants, despite their mute lives and the great s 
seem not to be such total strangers, for we l] 
withstanding all their peculiarities, a certa 

They may astonish or even amaze us at 
completely upset our ecaleulations. Someth 
ever, seems to be alien to the habits, morals 
globe, as if it had come from some other 

more energetic, more insensate, more % 

our own. With whatever authority, 

equalled here below, the insect seizes « 
ourselves to the thought that it Is an express 
whose privileged offspring we claim to be. 

this astonishment and failure to comprehend, 
indefinable, profound and instinctive uneasiness 
ings so incomparably better armed and endowed t}! 
centrations of energy and activity in which we d 
terious foes, the rivals of our last hours and 
cessors, ° Tas 

The similarities which the ants, as one of se 


aculeate or stinging Hymenoptera, necessarily 
and bees, are so overlaid by elaborate special 
erasies that their primitive vespine characters 


detected. I wish to dwell on some of these special 


fore doing so, it will be advisable to give under se} 


a brief summary of what I conceive 


culiarities of the ants: 
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whole family Formicida CONSIS 
neludes no solitary nor subsocial 
¢ the beetles, wasps and bees. We 
iny existing insects that mig! 
social life of the ants. Within 


tinguish quite a number of 


S 


nditions from very si 
of onlv a few doze) 


? 


bie caste development, to 
ies, comprising hundreds o 
borate differentiation of castes. 
number of deseribed species ot 
i we include thei subspecies 


probably he raised TO specific 


generations of entomologists. we 


number. This is far in excess 
‘ial insects, including both the yroups 
d and the termites. The ants are the 


] 


This dominance 1s shown also 


ution, whieh is world-wide. 


d-masses of the globe, except 1 
moult 


tha 


les and on the summits of the higher 
ndividual ants is probably greater thar 
few exceptions, the termites are all 
ropical countries, and the number 
emperate regions is very small. 
1) We found that the social 
litarvy wasps and the bees from the 
ties agree that the ants had thi 
ral stocks, but among the Sceolioids 
tive Vespoids. Of the four modern f 
Psammocharide, Thynnide, Mutillida 


iS 


ems to be most closely related to the an 
aced to aneestors which were winged in bot! 
| Mutillids, which have wingless females 
y Psammocharide is not very closely 
») The ants, unlike the social wasps and bee 
estrial insects. They inherited and seem ver) 
rated the terrestrial habits of the 
The majority of the species in 
the soil. Many of them later took 


wood, and more recently a number o 


To nest 


f Species 
! forests of the tropies, have heeome arbors ] 


| bushes or Col 


nee in the twies of trees and | 
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silken nests amor ¢ the leaves and brane 


nes 


led to a permanent phylogenetic suppressio 


mS 


workers. an ontogenetie loss of the whi 


diminution of the ‘ves in both of these e 


as 


ts still possess large eyes like the wasps 


great majority of species, which are mor 





and therefore practically cave-animals d 
the eyes have dwindled, and in many speci 
pletely disappeared. The great abundance 
savanna and prairie regions of the 
during some period of the Mesozoic, px 
or Liassic,. when the climate was warm but 
adaptation to low, damp jungles, with the 
to have developed during the Cretaceous o 
ants therefore resemble the solitary wasps 
spicuously abundant in hot, arid 

sented by only a small number of spee 
like New Zealand, the British Isles and 
like the Selkirks of British America. 


6 In the social wasps an hees wi 
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though di 
the queen, or 
vreater. Even whe 
worker resembles th: 
wings, and in most 
they have often been 
too. Is much less like 
sex among the social wasps 
therefore, that all three castes are 
nts, as we shall see, the worke: 
ome differentiated into two or mo 
s nowhere even suggested amo) 
Very long and intimate contact 
vu arly plastic in their nest vy 
al d bees construct elaborate combs W 
lls of such expensive substances a 
ely make more or less irregular galle1 
or dead wood or if they construct paper 


} 


gid type of architecture. Hence the great 


om & a 


habit in the same species. This plasticity and 


und labor are very advantageous, because they en: 
when conditions of temperature or moi 

when bothersome enemies settle too 
their habitation readily and without set 
Espinas long ago noticed the importance of 

ts. He Says: ** Ants owe their superior ty 
e. This assertion may seem paradoxical, but cons 


tional advantages afforded by a terrestrial 


aérial medium in the development of their intellect 


In the air there are the long flights without obstacles 
s journeys far from real bodies, the instability 
ibout, the endless forgetfulness of things and of 
rth, on the contrary, there is not a movement tha 
tact and does not vield precise informatio} 
fails to leave some reminiscence; and as these 
it is inevitable that a portion of the 
traversed should be registered, together wit! 
‘rs, In the animal’s imagination. Thus the 
and much more direct communication with the exter 
employ matter, moreover. is easier for a 
ar in i] 


When it is necessary to build, the 
‘ither secrete the substance of its nest or seek 

loes the bee when she collects propol s. or thi 
‘s material for her paper. The terrestrial 


materials close at hand, and its architect 
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varied as these materials. Ants. therefore prol 
social and industrial superiority to their habitat.’ 
8) The plasticity of ants is shown even mor 
care of their young, which are not reared in sep: 
clusters and lie freely in the chambers and gal 


where they ean be moved about and easilv earr ed 





when the colony is disturbed or the moisture 
conditions are unfavorable. Like their cont 

their physical environment, their intimate acqua 
young in all their stages has been an important 
psychological development of the Formicidw. 

9) A similar plasticity characterizes their feed 
a group they feed on an extraordinary range of s 
bodies and secretions of other insects, seeds, delicat 
the saccharine exereta of plant lice. seale nsects. et 
seem to be almost omnivorous. 

10) All this adaptability, or plasticity in nest 
habits is, of course, ar’ expression of a very activ: 
disposition and has resulted in the formation of 
cate series of relationships between ants and othe 
eluding man. These restless, indefatigable, inquisit 
forever patrolling the soil and the vegetation 
poke their noses, so to speak, into the private affairs 
thing in their environment. Nor do they stop at this 
draw many organisms, by domesticating them 01 
taching them to their nests or bodies, into the vortex of 
less, impudent activities. Nearly every week d 
twenty vears I have received from some entomolog 
on our planet one or more vials of ants with a req 
identification, often because they had been found ass 


some insect or plant which the sender happened 


gating. In the next leeture I shall describe a 1 
strange partnerships into which ants have entered 
their inordinate and unappeasable appetites. 

As my time is limited I shall select for discussio 
of the topics suggested in the foregoing summary) 
main taxonomic divisions of the family Formicide, pol 
or the development of castes, the origin and growt! 
the. structure of the alimentary eanal in adult and lam 
the evolution of the feeding habits. 

In their main outlines, at least, the phylogenetic 
of the various subdivisions or subfamilies of the Forn 


tT} 


been clearly established. There are seven of them: 


Cerapachyine, Doryline, Pseudomyrmine, Myrmici 
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FORMICINAE 
MYPMICINAE 


DOLICHODERINAE 


PSEUDOMYRMINAE 
PONERINAE 


CERAPACHYINAE 


DORYLINAE 


SCOLIOID 
ANCESTORS. 


I 
is a whol 


and Formicine. The Ponerinewe constitute 
: stock of the family and have given rise to the six ¢ 


es, which are represented in the ancestr: 
many branches. Their thickness roughly 
‘omparative development and their height 
ation and dominance in the existing fauna. 
lies are well represented in the tropies of bot! 
n the north temperate region nearly all the 
two largest and highest subfamilies, the My 
‘ine. In temperate North America and Eura 
few Dolichoderinw and Ponerinw and no Cerapach 
lomyrmine. A small number of Dorylinw extend as 
olorado, Missouri and North Carolina (35° to 40°) an 


same latitude on the southern shores of the Medite 


With the exception of a series of peculiar parasitic ge 


ire represented only by males and females, all ants possess a 


defined worker caste. In primitive groups, like the 
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Ponerine, Cerapachyine and Pseudomyrmina 


as large as the queen but lacks the wings and 


simply constructed thorax, the compound eves 


+ 


simple eves or ocelli are minute or abse 
families mentioned the worker is monomorphic 


has the same form though it may vary somewh 





four remaining subfamilies (Doryline, Myrm 
and Formicine) we find the same uniform 
many species, but in a considerable numbe1 
variable, or polymorphic, as a result of agencies 
independently in each subfamily or even v 
single genus (Figs. 57 and 58). In such cases 
be arranged in a graduated series, beginning 
headed individuals more like the queen in statr 
minute, small-headed individuals, which may 


than the queen. Such a series exhibits not o1 


A small Myrmicine harvesting ant 

morphic worker caste. a, soldier; f, worker; 
tween the soldier and worker (lacking in most otl 
Pheidole) ; g, queen (dealated); A, male The 


same scale 





IVONG lHi 


also functional differences among 


nd viduals commonly act as 


species their powerful Jaws 


vrreai 
policemer 


, DUT In some 
seeds or the hard parts of insects, so tl 
be exposed and eaten by the smaller 
latter excavate the nest. forage for food, 
some species devote all their energies 1 
ngus gardens. In a graduated series 


usually eall the largest workers **m: 


me’? and the intermediate forms 


erarie’’ (workers) being understood 


ants only the two extremes, the maxima 


polymorphie series proved to be serviceable 


media have 


that all the intermediate forms 
ving the worker caste distinctly dimorphic. 
ill the maxime ‘‘soldiers’’ (milites) and the 
“t). This condition has been a 


bgenera among the Myrmicine and 


tta 
Form 


In 


Oligomyrmex, Colobopsis, ete. 
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where soldiers were not needed or were too expens 
maintain, on account of their great size d 
have been eliminated and the worker easte is } 
the tiniest individuals of the originally poly mory 
bara, Tranopelta, Pedalgus, Solenopsis, ete.). TT) 


an enormous difference in these ants in size and st 





the queen and the only surviving worker form of 
Carebara, e. g., the queen is several thousand t 
the worker! Nevertheless, both are merely ext 
of the same species and may, of course. « 
the same mother. 

But the worker is not the only caste that has 
In some species there are two distinet forms of 
two distinct forms of male. In these eases o 
winged, the other usually apterous. And here 
sion of the winged female or winged male, the 
become the only surviving fertile form of 
All these developments are interesting beea 
the distinctions among the various castes ha 


by continuous or fluctuating variations and 


persistence of some of them and the eliminatior 
to the sharply discontinuous series of castes 
many ants. 

It is obvious that some of the differences bet 
castes, especially those in size, are due to differs 


tan 


of food consumed during the larval stages 
morphological differences which separate the 
workers, must be due to other causes. We 
that the food administered to the larve diff 
there are several different kinds of eggs, si 
into fertile, other into sterile forms. In a se 
mutations, like the various sterile forms of 
which make their appearance generation 
some of the seeds of the fertile forms. In 
however, we find that the workers not infreg 
and though they are never fertilized and 
males, the latter may mate with queens 
establishing a representation of the characte) 
mothers in the germ-plasm of the species. The 
known as gynandromorphs, that is, individuals 
partly female, which occasionally oceur among 
that the queens, soldiers and workers arise from 
kinds of eggs, since there are three different ki 


morphs, exhibiting respectively combinations or mos 


and queen, male and soldier and male and worker 
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s 


see how such perfectly definite combi 
by larval feeding, and it is equally ad 


i 


results of internal secretions. 1) 


ledge we can only surmise that the d 


ind worker castes were originally ontoge) 


feeding, as they still are in the social 


al 
the ants the germ-plasm has somehow 


d, so that an hereditary basis for caste 
stablished. 


colony may be initiated and developed by 
methods which I shall eall the independent 


The former is peculiar to the nonparasitic 
tie species. Leaving an account of the ants 
dent method for the next lecture. I woul 
jority of ants establish their 


colonies ll 
ner as Vespa and the bumble-bees. The 


fecundation during her nuptial flig 
nd, rids herself of her wings and seeks 
der a stone or piece of bark, or 


eXcavates 
She then closes the opening of the cell 


prisoner for weeks or even months wh 


her ovaries. The loss of the wings has ; 


i 


luminous wing-muscles in her thorax, cai 
vn and dissolve in the blood plasma. The 


the cireulation to the ovaries and utilized 


lk of the eggs. As soon as the eges mature 


een nurses the hatching larvw and feeds the) 
till they pupate. Since she never leaves the e 
time and has aeecess to no food, except the fat 


<iomen during her larval life and her d 


lissolved 


kers that emerge from the pupw are all abnor 


n fact, alwavs minimw in species whiel 


vorker caste. They dig their way out thi 


lishing a communieation between the cell 


leet food for themselves and their mother an 
more eggs. They take charge of the 

d larve, whieh, being 

workers. The 


more abundantly f 
population of the colony 
new chambers and galleries are added to the 


levotes herself to digesting the food receiy 
kers and to laying more eggs. In the 


eourse of a 


‘rous males and queens are reared and on some meteoro 


ivorable day the fertile forms from all the nests of th 


C1eS 


er a wide expanse of country escape simultar 


id celebrate their marriage flight. This flight 
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not only for the mating of the sexes but 
tion of the species, since the daughter qui 
the ground, usually establish their nests at 
parental colony. 
seen that the queen ant, lik 

bumble-bee, but unlike the queen honeybe: 
of her species, possessing not only great 
all the worker propensities, as shown by her al 
and bring up her young. But as soon as the f 
appears, these propensities are no longer 1 
are not lost is shown by the simple experime 
queen ’s first brood of workers. Then. prov ae 

1 


a sufficient store of food in her body. she yw 


bring up another brood in the same manne1 
she would have manifested no such behavior 
ditions. 

As already stated, this independent method 
tion is the most universal and is followed alik 
extratropical ants. It is undoubtedly the prin 
as we shall see, the one from which the dependent 
derived. It differs from that of Vespa and Bom! 
in leading to the formation of perennial colonies « 
and boreal regions. The queen ant may, in fae 
17 years and although, like other aculeates, s 
once, may produce offspring up to the time of 
the queen honeybee she is never hostile to her ow 
and in many species of ants some of these daug! 
after their marriage flight to the maternal colony 
active part in increasing its population. In this ma 


son 


may become polygynie or pleometrotic, and 


contain a large number of fertile queens. Wher 


grows too large it may separate into several, the qui 


singly or in small companies, each accompanied by 


of workers, to form a new nest near the parental fo 
behavior is exhibited by the well-known moun 
(Formica exsectoides) of our New England hills 


that its mounds usually occur in loose groups or ¢! 

the workers of the different nests are on friendly 

another and sometimes visit back and forth. We n 
eall the whole cluster.a single (polydomous) colon) 
differs from a number of colonies only in the abse1 
between the inhabitants of the different mounds 
tropical ants, like the Doryline (Figs. 59 and 60), ! 
inclined to believe that the only method of colony 


y 


by a splitting of the original colony into as many pa 
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aller workers. (Photograph 


rf 


lateral view 


Sit eli. San e 
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tains young queens. These huge, clumsy creatu 
always wingless and must therefore be fecundate 
since the colonies, which comprise hundreds of th 


ers, are nomadic and keep wandering from p); 


must become independent entities as soon as they 


We possess no accurate data on the age that 
attain. Some of them certainly persist for 30 
probably even longer. In such old colonies the 
of course, been replaced by Successive Generations 
is, by her fertile daughters, grand-daughters 
daughters, and the worker personnel has be: 
rapid rate, because the individual worker does 
in most instances lives considerably less, than t} 

The feeding habits of ants are so varied ai 
it will be advisable before considering them to des 
ture of the alimentary canal in both adult and 


parts of the adult are of the generalized vespi) 


} 


Sagittal sections through the heads 

the mouth open (After Janet). B, of 

mouth closed. f, tongue; 0, oral orifice; 

pe, pellet in sttu, made up of solid particles 

ings. Note stratification in the substance ot 
meals or toilet operat 
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flap-like upper lip, or labrum, a pair of st: 
dibles. a pair of small maxille and a broad 


The maxille and labium are each provid 


sensory appendages, the palpi. The mand 


the ant’s hands, vary greatly in shape in differe 
sed not only in securing the food but also 
such as digging in the earth or wood. transp: 
young, fighting, leaping, ete. Liquids 
hibed and swallowed, but solid food is si 
mandibles and the juices or smaller part 
tongue, which is a roughened pad at the tip 
61¢) just anterior to the opening of the 
vlands. The small particles thus collected 
a small chamber or sac, the infrabuceal pocket 
s immediately below and anteriorly to the 1 
This pocket is an important structure sinc 


} } 
} 


tacle not only for the more solid particles ol 
dirt, fungus-spores, ete., which the ant collects 
perations, for the ant is an exquisitely cleanly 
s much of her leisure to licking and burnish 
hnely chiseled armor and that of her 
tip of the fore tibia is furnished with 
| which ean be opposed to another comb 
surface of the fore metatarsus. The 
by drawing them between these combs 
across the mouth, with the result that any 
ed off into the infrabuceal pocket. In this mar 
solid or semisolid food particles are com! 
mass moulded in the infrabuceal pocket into 
dish oblong pellet Fig. 61B pe). Afte any 
tain has been dissolved out and sueked 
th, the pellet is east out, so that no solid food aet 
mentary eanal. All adult ants therefore subsist 
7 
ilimentary canal proper is a long tub 
vy and divided into sections, each with 
more anterior sections are the mouth ea 
‘ig. 61 ph), which receives the ducts of certain 
long, slender gullet, which traverses the posterio 
whole thorax and the narrow waist, « 
as far as the base of its large, swollen port 
gullet expands into a thin-walled, dis 
hich is used for the storage of the imbibed 
"or end the crop is separated from the el] pso 
peculiar valvular constriction, the provent) 


nost sections of the alimentary tract are the 
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pear shaped rectum. 
most interesting 
‘social stomach 
art distributed by regu 
of the colony and because only a small 
to pass back through the proventricul 
ach, is abst rbed and utilized by the 


} 


functions in the manner deseribed ¢ 





permitting some pale vellow worke 
stained blue 01 

gradually become vividly colored ; 
insect be allowed to return to the 

to it, beg for food with rapidly 

their tongues, and very soon their 
through the translucent gastrie int 
stained syrup. Then these workers 
food by regurgitation in the same mai 
the colony has at least a minute sl} 

of the first worker. 

The alimentary tract of the helpless 
grub or larva is much simpler than that o 
parts are similar but more rudimentary 
are less developed but in some larve the 
very sharp. The lower lip is fleshy and 
with sensory papille instead of palp 


ry 
) 


the long, tubular and more or less 
near its tip. The mouth-opening 
species ‘O' d with numer 
very minutes spinules (Fig. 62¢ 
or imbrications may also cover t) 
All these spu ules and project ms 
the food but perhaps when 


1 
| 


nrodues shr it sound 


nurses of] 


is long 


which throughou 


into the intestine. eommun 


tion of the alimentary tract 

to pupate. Then all the 

in the stomach since the very 

a large black pellet, the meconium. 

q In the larve of the Pseudomy rm 
are certain very peculiar additional str 
deseribed. The head is not at the anter 
other ant larve but pushed far back 01 


it is surrounded by a great hood formed 
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\ 
5 
| 

‘ 


—7/ 


62 

Larva of Pseudomyrma gracilis. A, ventral; 

ljacent portions of same enlarged; D, sagittal 
tion of larva. o, oral orifice; +, exudatoria; 

Ids the pellet; (pe), deposited by the worker nu 
the larva. Note the hooked dorsal hairs of the larva, whi 
it from the walls of the nest. a, mouth cavity, more enlar 
fine spinules (also seen in C), which serve to triturate the pell 

also as a stridulatory organ 


Vol. XV.—26. 
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FIG. 03 
A, ventral; B, lateral view of the first larval stage 
Ethiopian Pachysima latifrons, showing the peculiar 
toria”) surrounding the head. These belong to the three t! 


first abdominal segments. 


segments, and the first abdominal segment, which lies imm: 
behind the head, has in the midventral line a singular pocket 
trophothylax (t). Furthermore, each side of this seg: 
each ventrolateral portion of the several thoracic seg 
veloped as a peculiar protuberance or appendage, w! 

as a blood-gland, or exudatorium (2). 

Unlike the adult ants the larve can devour solid food 
they are often fed, at least in their youngest stages, w 
regurgitated on their mouths by the worker nurses. Th: 
the Pseudomyrmine are fed with the pellets (pe) from 
frabuceal pocket, which are placed by the workers in 
thylax where they are within easy reach of the mandib! 
be gradually drawn into the mouth, triturated and 


ate 


; 


Some primitive ants (Ponerine, some Myrmicinae, « 
feed their young with pieces of insects or entire small 
which are simply placed on the ventral surface of the larva 
reach of its mouth-parts. 

In a former lecture I referred to the fact that the 
the social wasps, either before or after feeding, produce 
of a sweet salivary secretion, which are eagerly imbibed 
adult wasps, and I designated this interchange of food 
adult and larva as trophallaxis. I have recently made 
servations which show that the ant larve also produce secretio 
which appeal to the appetites of their nurses. These secretio! 


° . ~ > < ‘ "™| ’ 1 
are more varied than in the wasps. Certain ant larve und 


S 
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supply their nurses with saliva, but many or all sweat a fatty 


secretion through the delicate general integument of the body, 
nd the larval Pseudomyrmine produce similar exudates from 
the papilla or appendages above described. Although these various 
substances are produced in very small quantities they are of such 
qualities that they are eagerly sought by the adult ants. This 
explains much of the behavior which has been attributed to ma- 
ternal affection on the part of the queen and the workers. such 
the continual licking and fondling of the larve, the ferocity 


with which they are defended and the solicitude with which they 


as 


are removed when the nest is disturbed. In other words, a de 
eidedly egoistic appetite, and not a purely altruistic maternal 
anxiety for the welfare of the young constitutes the potent ‘‘drive’’ 
that initiates and sustains the intimate relations of the adult ants 
to the larva, just as the mutual regurgitation of food initiates and 
sustains the similar relations among the adult workers themselves. 

I am convineed that trophallaxis will prove to be the key to 
an understanding not only of the behavior I have briefly outlined 


FIG. 64 
Second, third and fourth (adult) larval stages « 
ing the gradual dwindling of the exudatoria. 
lax (#); and B also shows the food pellet pe; which is 
infrabuccal pocket of the worker nurse; x, exudatorium 


‘ 
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but also of the relations which ants have acquired to 
of alien organisms. In the accompanying diagram 


have endeavored to indicate how trophallaxis, originally 


as a mutual trophic relation between the queen ant and 


has expanded with the growth of the colony, like an ey 
vortex, till it involves, first, all the adults as wel] 


Ne 
> ai Trophic Relations 


yd of Ants to Plants. 
Myrmocophytes 


or ei Trophic Relations 
of Ants to insects 
Outside the Nest 


Trophallaxis 
detween Ants ut 
Difterent Species. 
ns, 
irophailaxis = 
Detween Ants and 
True Guests. 


~s 


— ae 

Trephaliaxis 7. 

between Adult % 
Ants. \ 


ae — \ 
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Trophailaxis 
between Mother 
or Adult Workers 
and Larval Srood 


= 
a - 


Trop’.sdizsis 
—— 


Pivytopal’y 


FIG, ¢ 


See text for explanati 
and therefore the entire colony; second, a great n 
insects that have managed to get a foot-hold 
scavengers, predators and parasites (symphiles 
insects, that is, other species of ants (social 
alien insects that live outside the nest and are 
ants (trophobionts), and fifth, certain plants that are 
visited or even inhabited by the ants (myrmecophyt 
extranidal relationships, represented by the two outer 
the diagram are, of course, incomplete or one-sided, 
organisms which they represent are not fed but merely « 


protected by the ants. In my next lecture I shall have nm 


say about some of these relationships. 
(To be continued) 
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HE task of science is one that may be fulfilled quite direetly 
T by providing useful information of a practical sort for our 
immediate needs, or it may furnish us with general ideas which, 
f we are skilful enough and intelligent enough, we may use to ex- 

ain a great variety of phenomena. These general ideas when 
eombined make up our conception of the universe. The latter 
function of science is the more important one. It is the one that 
brings science close to philosophy. It is the one that arouses the 
greatest interest and enthusiasm in those who pursue the task of 
science. When we look for generalizations of this kind we always 
seek simple explanations of nature, confident that they may be 
used as guides to our action in particular cases and as means for 
gaining an ever increasing control of the world that we live in. 
Everything in the history of science justifies us in saying that it is 
the general interpretation of nature which, especially in the last 
hundred years, has given man his extraordinary increase in ma 
terial power, an increase in power which he has used far from 
wisely no doubt, but which for better or for worse he possesses. 

In the ancient world there were a certain number of advances 
of this kind. The history of geometry, in spite of the labors of the 
last century and in spite of Einstein, is to a great extent ancient his 
tory. The few necessary general conceptions that the Greeks found 
out enabled them to develop a complete scienee of geometry, enabled 
them to be good surveyors, enabled them to begin to understand 
how to lay out the heavens and the earth in their astronomy and 
in their geography, enabled them to see how to make buildings, 
and to do a great many practical things. 

But in the main the really important, the really general ideas 
of science, are modern, and of course the most interesting ones 
have to do, at least so most people will think, not with statie things, 
not with space taken by itself, but with dynamic things, with the 
question of what is happening in the world. On the whole, the 
most interesting and the most important generalizations of science 

1 This lecture was one of the public series given in Boston on Sunday 
afternoons recently under the auspices of the Harvard Medical School. 
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will be judged by most men to be those that tel] them 
pening in the world, how things happen and how th 


wh 


| Se fF 


may be, if possible, changed to their own advantage, a 
may be interpreted so as to yield a philosophy. 

Of course everyone knows that the first step iy 
in modern times, the first step of great importan 
pretation of the phenomena of our solar system. It 
of Copernicus, of Galileo, and of Newton that enabled 
at the sun and the moon and the planets, and to think « 
and quite simply and without any sort of difficulty 
what their movements and their apparent changes 
in form indicated. But, once more, it is not so mue 
system as it is our own earth that interests us, and 
down to the earth and examine the happenings or 
the earth we are necessarily a long way from those 
interest us most. 

How shall we state abstractly what is happening « 
That is one of the great questions for science as well 
osophy, for sociology, and for all the other intellect 
of man. What is happening on the earth? Of eo 
an indefinite number of answers to that question; 
the strictly scientific answer of physical science | 
be very little doubt that it is possible to put it in a fe 
make our interpretation of the changes in nature surr 
surprisingly simpler than they otherwise would be. 

Men in antiquity and in all ages have vaguely | 
answer to this question. Perhaps many of you have h 
famous remark of Thales, who is often thought of as tl 
of philosophy and mathematics and science, that wate 
origin of all things. This statement seems to many peop! 
I suppose, ridiculous, or at all events very exaggerated, | 
fact much less ridiculous and much less exaggerated than y 
suppose. A little later Empedocles and Aristotle, exte: 
elements from one to four, included water along with eart! 
and fire as the elements of which the world is made up. No 
the word ‘‘element’’ is used in a sense a little different 
ordinary idea of an element to-day, but we still speak of 
totlean idea when we talk about exposure to the elements. ‘ 
elements water is in many respects the most interesting. Never 
theless, while it was always clear in antiquity, as it has 
modern times, that water is very important in the world tha 


the 
yf + 
' 
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rounds us, its real importance is a comparatively recent discover} 


In the first place, it was only a century and a half ago wiht 
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(Cavendish and Watt and others first found out that water is not 
‘tself what the chemist now calls an element, but that it is a com- 


pound, a compound of hydrogen with oxygen, a substance that can 


be formed by burning hydrogen gas in air or in oxygen. With 
this discovery a new road was opened, not only for chemistry and 
for physiology, but for the general interpretation of nature. Even 
before that time men had begun to understand the meteorological 
eyele, to perceive that there is going on on the earth a physical 
process which may be very briefly described as the evaporation of 
water from the ocean, from lakes and streams, and from the moist 
land, its dissemination as water vapor throughout the atmosphere 
by the winds, its precipitation as rain and snow and hail and dew, 
its collection into streams, but not a rapid collection, for it persists 
for long periods of time in the soil and underground, and finally 
ts return to the ocean and reevaporation. That had been per- 
eeived, as I say, quite clearly before the discovery of the chemieal 
nature of water. 

After that discovery another thing became apparent, that all 
that is happening in living organisms, in animals, and in plants 
on the earth, may be regarded in one sense as a part of this great 
meteorological cycle, this great cycle of water in its evaporation 
and condensation and flowing back through definite channels; for, 
as you know, our rivers persist, our streams persist, the circulation 
takes place in a very definite and very definitely canalized way. 
As I say, when men had made out the chemical nature of water 
they were able to see that water and carbonic acid are taken up 
by the plant, taken, if you will, out of the meteorological cycle and 
built up into sugar and starch, and then, sooner or later, turned 
into a great variety of substances, the substance of the plant, in 
short. These in turn serve as the food of the herbivorous animals, 
of cattle and sheep, and they are not greatly modified when built 
up into the body of the ox or the sheep. Next they may be con- 
sumed by man, or by a carnivorous animal, and are made over into 
the materials of his body. But sooner or later they are turned out 
into inorganic nature, excreted, as water and carbonic acid, after 
being burned in the body, once more to become a part of the 
meteorological cycle. 

That, I submit to you, is a fair statement, which no doubt needs 
a great deal of enlargement, a fair statement in terms of physics 
and chemistry, of what is happening on the surface of the earth. 
What is happening on the surface of the earth is, first of all, a 
circulation of water, a circulation of water which we recognize in 
the fall of rain, in the flow of streams, which we recognize equally 
in the growth of plants and in the feeding of animals on plants, 
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and in the burning up of material in the body of the » 


course a circulation of water and of other things. other 


which in the total are very numerous and certainly 


—_ 
to know in all eases, but fundamentally a circulation . 

[ have not touched upon the energy of the process, t] 
the question that is represented by the energy that goes 
water to evaporate it off the surface of the ocean. that 
the green leaf to turn water and carbonie acid into 
starch, or the energy that comes out again in the form of ) 
activity and body heat in you as you live, when you co 
sugar, and other things formed from them in the plan: 
water and carbonic acid. But let us say in the beginning t} 
is happening on the surface of the earth is this cireulatio: 
and let us add that it is a circulation which is driven by 
of the sun, which is driven both in the one eyele, in the n 
cal cycle, by the sun’s heat evaporating the water, and 
the organie cycle, by the sun’s energy making possibl 
tion of sugar and starch from water and earbonie a 

In the first place, this process depends upon the 
of water that there is on the earth. There is enoug} 
had a perfectly smooth surface, to cover the whole earth, t 
of two to three miles. How much of this is circulating 
difficult to say. The amount is large. For instance, at t! 
evaporation takes off a layer of perhaps about seven f 
year from the tropical ocean. Of course the evaporatior 
other localities, and it is much less where there are no er 
of water, but that will perhaps give you some idea of the 
of the process. 

How much is the energy involved in this process’, Ho 


» 


work is done? How much energy of the sun does it take to 
rate so much water? A few square miles of the tropical ocear 
taking up solar energy in the process of the evaporation of 
to such an extent that if that energy were available in tl 
of the people of the United States, it would run all th 
that is to say, all the work that we are capable of doing, plus 
the heat that we produce, is equivalent to an amount of 
which is no greater than that involved in evaporating the 
off a very few, perhaps ten, square miles of the surface 0 
tropical ocean. So you see that not only is there a vast an 
of water being evaporated, but that amount of water carries W 
it, involves in its evaporation, a prodigious amount of energy. 
Another way of studying the process is to try to form a 
of the run-off of the rivers of the earth. It has been est 
that the run-off is yearly, for all the rivers of the earth, abou 


‘ 


+} 


= 
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bie miles of water; that is to say, if you were to take a band a 
little more than two miles wide from Boston to San Francisco, 
nd imagine it to rise up one mile into the air, that would give 
vou a solid equivalent to the volume of water that pours back into 
he oceans yearly. And that of course is only a fraction of the 
cater that evaporates yearly, because a great deal that evaporates 
and falls to the ground never reaches the ocean at all. 

This prodigious amount of water carries with it to the ocean 
what seems to be an almost equally prodigious amount of other 


There are something like 5,000,000,000 tons of dissolved 


substance in the river waters going back to the ocean yearly, and 


nobody knows how much undissolved sediment there may be. This 


dissolved material has been leached out of the earth, it is being 
leached out of the earth all the time, and the record of it is the 
accumulation of dissolved substances in the ocean as well as that 
long continued action of sedimentation which is on the whole the 
ereatest of geological processes. 

In the sea, as a result of this, nearly all the chemical elements 
are contained in solution, most of them, to be sure, in such small 
amounts that they can not be measured, but so many of them are 
there that the sea water is quite a different thing from anything 
else in the world, and can not be imitated. Nobody ever made an 
artificial sea water that would serve the purposes of sea water as 
an environment for simple marine forms, as well as sea water 
tself. You may make as careful an analysis as you please of the 
sea water. You may put into pure distilled water all the things 
that you can find in the sea water, and then if you try to make 
organisms live there they will not live in it—some of them, at least, 
will not—as well as they will live in genuine sea water. 

There is a good deal of resemblance between the salts dissolved 
in our blood and the salts dissolved in sea water. This has led Quin- 

n to speculate about the use of sea water for medical purposes. 
He has made many experiments by diluting it to the proper degree 
and injecting it into the body. It has been suggested by Pro- 
fessor MacCallum that our blood is, so to speak, descended from 
sea water, that in the course of evolution somehow or other the 
fluids of the body originated as sea water. Of course single-celled 
organisms have no blood. When multi-cellular beings came into 
existence, where did the fluid which bathes the cells come from, 
provided multi-cellular individuals did develop from the uni- 
cellular? It is not a wild assumption to suppose that sea water 
furnished the inter-cellular liquid, that it was the material that 
first surrounded the several cells making up the complex organism. 


If you look into the whole story of comparative physiology that 
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idea, while it must not be pushed too far, seems not ; 
one, and if so, it is interesting to reflect that in that 


or 


s 


fluid, simple compared with our blood in most respec: 


nevertheless a vast number of substances that had 


‘ 


out of the earth’s crust in the course of millions of v: 


This peculiarity of sea water depends upon the { 





is, among all the liquids that we know, on the whole ¢ 
vent, the one that can dissolve the greatest number : 
variety of substances of all kinds. That of course 
statement. There are some things that water ea) 
which can be dissolved by a great many other things: 
large, taking everything that we know, taking all the e} 
stances that we know, there is not anything which o1 
a better solvent, or capable of dissolving a larger nu 
or greater quantities of them, than water. 
Well, that is one of the very decisive facts in t] 
cycle. It is one of the great factors in determi: 
action of water, in determining a large part of the 
the surface of the earth. And, on the other hand, 
cycle, in men, in animals, and in plants, water, always | 
large quantities—your own body is three quarters 
tains a great number of things dissolved in it. This solvent 
is certainly no less important in physiology than it is 
Not only does the water in your bodies, the water 
the water inside the cells, the water in the lymph, cont 
many things dissolved in it, but it is almost exclusivels 
that things penetrate into your body. That of course n 
to you a strange statement. You are well aware that 
many more or less solid substances—anybody can swallow 
of sugar, which is certainly a solid—but in fact what is ge 
ally inside your body is not necessarily physiologically ins 
body. The digestive tube is physiologically not inside tl 
and the process of digestion turns most substances that 
lowed in solid form into soluble products, which are diss 
in water and then in solution pass the real physiological | 
the wall of the intestine, and so enter the body. This 
true of the substances that are excreted from the body. 
products are turned out of the body in solution, and if | 
possible to turn them out in solution it is very difficult to in 
by what kind of physiological device it would be possible to ¢ 
on the activities of really active bodies and get rid of the wa 
products that have been burned up in the course of their act 
This great circulation of water has another very import 
influence upon the world, and upon the world of life, and t! 
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‘ts effect upon climate. Every one knows how much more steady 
: the state of the weather on small islands at great distances fron 
ntinents than in most other places. Every one knows how much 


milder the climate is, how much cooler in summer and warmer in 


winter, at the sea shore than a comparatively small number of 
miles inland. This phenomenon depends upon water. 

How does it depend upon water? What is the effect that water 
exerts in that respect? Well, there are several factors. In the 
first place, it takes a great deal of heat to raise the temperature 
vater, or, as the physicist says, the specific heat of water is high. 


If you take, for instance, a pound of water and a pound of almost 


anything else—there are a few substances that are harder to heat 


than water—and heat them over a carefully regulated flame for 
, certain length of time, and measure the rise in temperature, you 
will find that the rise in temperature of the water is less than 

of the other substance. As I say, there are a few exce 

there are very few. The result is that an ocean or a 

heat, and does not itself rise very much in temperature. 

Again, the evaporation of water takes up heat. Every one 
knows that. Every one knows that in order to evaporate water 
away at all rapidly you must heat it, and the amount of heat that 
is taken up in this evaporation of water is greater than in the 
evaporation of anything else; that is to say, you have got to put 
more heat into water in order to boil away or to evaporate, let us 
say, a pound of it, than you have in order to evaporate a pound 
of anything else. Thus the more rapid the evaporation the more 
effective the resistance of water to the rise of temperature, and 
for that reason the cooler the climate in the marine region com 
pared with the climate in a region where there is no water to 
evaporate. This is one of the most important of all economic factors 
on the earth. It is a factor that, as much as any other one, per 
haps, determines whether a given part of the earth is or is not 
really favorable for a high and active and prosperous civilization. 

But these factors are no less important in your own body than 
they are in determining the climate. As you know, you are con- 
stantly producing a considerable amount of heat, and that heat has 
somehow or other to be got rid of. If it were not, your body tem 
perature would continue to rise. Well, in the first place, if your 
body were not mostly water, and therefore such that it takes a 
great deal of heat to raise its temperature one degree, a little ex 
ereise might be impossible. If it were not for the fact that it takes 
so much heat to raise the temperature of the body a little, on ac 
count of the presence of water as its principal constituent, if it 
took only that amount of heat which is necessary upon the average 
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to raise the temperature of most substances one degree, ; 
mile might be quite sufficient to produce a coagulation 
albuminous material in the body, and therefore death. 
That is to say, the regulation of the temperature of 1 
body rests first of all upon this fact: that you have to ie 





so much in order to raise its temperature a little, and the: 
second place, upon the effect of evaporation. The effect 
ration is to cool the body very much, because you have 
lot of heat into water in order to evaporate it, and sir 
tion is the only way of cooling the body when the tem 
the environment rises to the temperature of the body 
matter of the first importance, as everybody knows Rime 
experience in hot summer weather. It is a priceless ad 
the economy of your body that so much heat is taken 
evaporation of water during sweating. 

One of the factors that greatly influence the circu] 
water on the earth is the way in which it clings in the s 
water clings better, on the whole, than any other substa 
is due to the phenomenon which everybody has heard of 
larity, and which is well illustrated by the action of 
soaking up water. If you study this process you will 


} 


is easy to represent the sticking power of a liquid in the soil « 
any finely divided matter by the height to which it can 
small capillary tube, in a very fine tube. Water rises 
great height relatively to other substances in such a tube, 


the same reason it sticks very tight in the soil and water 
a great height in the soil. That is one reason why gre 

of the earth are habitable, or at least can grow crops. 
did not stick as well as it does, a large portion of tlie ferti! 
would be sterile. 

But here again we have come upon a property of wat 
is just as important in the body as it is in the meteorologic 
The living cell may be compared to a microscopic swam] 
swamp of inconceivably fine dimensions. There is water 
through it, and it consists of a very intricate meshwork 
partly known nature. In this swamp—this microscopic sv 
if I may call it that—these same forces, these same capillary) 
are of decisive importance. And here again it is the part 
great capillary activity of water that is one of the factors 
determine the nature of physiological processes. 

There is one more point that I want to refer to about 
organic, the meteorological cycle, because it is a particularly 
teresting and important one, although this one seems to 
highly important direct bearing upon our own bodies and our own 


the 
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life process. What causes rainfall? It takes a good many things 


to produce a precipitation of rain, but we may begin at the begin 


the air unless the air has become supersaturated with water vapor. 
The way to bring about that condition is to cool air that is pretty 
t, because the amount of water vapor that the air can hold 


Moist, 


varies with the temperature. For instance, if you go down to the 
freezing point, to 32 degrees Fahrenheit, the amount of water va- 
nor when the air is quite saturated is almost exactly one half of 
the amount of water vapor that is in the air at about 50 degrees 
Fahrenheit. Suppose, then, you have air that is three quarters 
saturated at 50 degrees Fahrenheit. Cool it down to 32 degrees 
Fahrenheit and it becomes not three quarters but three halves 
saturated; that it to say, it has 50 per cent. more water than it 
ean hold. That water will come out in the form of rain. 

This difference, a difference of 100 per cent. in the amount of 
water vapor that the air can hold, is far greater than the difference 
n the amount of the vapor of any other substance that the air can 
hold. That is to say, if you had any other substance at 50 degrees 
Fahrenheit, any other substance whatever, and the air were just 
three quarters saturated with it, and you cooled it down just to 
32 degrees Fahrenheit, then you would not have reached the satura 
tion point and the vapor would not fall out. 

f there were not this property, rain would be a comparatively 
rare occurrence. Moreover, unless rain falls, unless water comes 
} 


pecause Vou 


out of the air, there can not be further evaporation, 
ean only evaporate into air which is more or less empty, so far 
as the water is concerned ; that is to say, the whole meteorological 
eyele, the circulation of water, depends upon the rate of preeipit: 
tion quite as much as upon the rate of evaporation, and the rate 
of precipitation of water is great because of this property of water. 
I think I have perhaps said enough to make clear to you some 
thing of the natural importance of water. Such are the reasons 
why it is possible to say that what is happening on the earth in the 
last analysis is a circulation of water and the results of that cireu- 
lation. This is true not merely becaase there is a great deal of 
water on the earth, but also because water is a remarkable sub 
stance that has a good many unique peculiarities. But in dis 
cussing these properties, I have thus far spoken only about what 
may be called the physical peculiarities of water. Water is quite 
as important a substance chemically, and indeed I think we may 
say that the most important clues that we find in the properties 
of water to our understanding of what is happening in our every 
day life are to be found in the chemical properties of water rather 
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than in its physical properties. This leads us back to th 
French chemist Lavoisier, the most eminent Victim of ¢] a 
Revolution and the man who perhaps made the greatest 
tion to science of the eighteenth century. 

Lavoisier, studying the process of burning. of e ml 


oxidation as we eall it, discovered that when things 


combine with oxygen. Those of you who are not chemists 


have not studied chemistry will of course always feel 
discomfort when one talks about the union of atoms. Aj 
not be seen. They are hard to imagine. But somehow 
the burning of tin for instance or the burning of 
is the combination of one or more atoms of the 
ment with one or more atoms of the other eleme: 
oxygen combine to form the oxide of tin. Th 
somehow or other fasten themselves together. That 
Lavoisier found out. He did not express it in terms of ato: 
he saw that these elements combined. So it is in the eas 
burning of hydrogen, and water is a compound of hyd 
oxygen. Atoms of hydrogen, two in number, combi: 
atom of oxygen to form H,O, according to our prese 
stating the case. 

Well, having discovered the nature of combustion, La 
turned to all kinds of cases where there was combustio 
proved, for instance, with Laplace, the great astronomer 
of the most remarkable collaborations in the history of 
that in the last analysis our life activity, so far as it is che! 
oxidation. The oxygen that we breathe into our lungs is 
bined with the various elements that make up our foods, a: 
the products are turned out as carbonic acid gas, which is ! 
but the oxide of carbon, the result of burning carbon, and wat 

Then, reflecting further upon this, reflecting not only uy 
chemistry of the process but also vaguely upon the energ) 
was involved, so far as it could be represented by the heat 
process, Lavoisier saw the real nature of the process, Lavois 
the real nature of the organic cycle and stated it clearly. 
ceived that plants draw from the air that surrounds 
from the mineral kingdom the necessary materials of their 
ization; animals take from the plants that which the plant 
formed, directly in the case of the herbivorous animals, ndire 
in the case of the carnivorous animals, and build it up 
bodies, and finally the processes of combustion, fermenta 
putrefaction are continuously returning to the inorganic 
the materials that were taken up originally by the plant. Of 
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ose materials are not merely water, nor merely water and 


side, but also other substances. 

But note this. In the organic cycle water and carbo: 
free: the other things are fixed. Those things that 

the physical sense are also free in the economic sense, 
variety of circumstances. You don’t have to pay, at 

New England and in many parts of the world, for the water 

dioxide which are the principal foods of the plant; : 


rbon 
1 have to pay for are the so-called fertilizers, which make up an 


initesimal fraction of the material taken up by the plant. 
d. if it were not for the mobility of water and earbon di 
be no 
] 


this evele that Lavoisier first understood, there would 
mountain tops. How eould the material 


ret 


vetation on the 
¢ The mountain tops would necessarily be bare. Not only 


ere : 
the mountain tops, but everything would be bare except the waters 


+ 


the earth. It is because water and carbon dioxide cireulate, 
circulate rapidly and penetrate everywhere and stick when they 
vet there, that there is a widespread vegetation, that there is an 


{ nad 


nse organic activity on the earth. 

But now what of this process that goes on in the plant? la 
voisier could not understand it. It goes on in the green leaf, and 
he green leaf is truly the symbol of life. It is the starting point 
‘life. It is the factory in which are created the materials of your 


body and mine, of the body of every living thing. These materials 


» created by the conversion of water and carbonic acid gas into 
sugar and oxygen through the influence of solar energy and with 
the fixation of that energy. Sunshine, water and carbon dioxide, 
f one may speak very loosely, are the components in the green leaf 
from which sugar or starch and oxygen are produced. The oxygen 
is turned out—the oxygen, please note, that had combined pre- 
viously in your body with hydrogen and earbon in the burning 
that is the essential process of your own activity. In the leaf this 
process is reversed. The energy of the sun is fixed in the leaf, and 
that is the source of the driving force of your body and of the 
driving foree of every animal body. 

And not only that, it is the source of our fuels general 
you will reflect for a moment, and remember that not only wood, 
but eoal and petroleum, gasoline, what you will that is combustible 
upon this earth, is stored solar energy that has been fixed in the 
green leaf in the past, you will realize the extraordinary economic 
You will then realize that the cycle is, 


ly. If 


importanee of this process. 
in fact, not only from the standpoint of the material changes, but 


also from the standpoint of energy, of horse power, of what you 
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must buy and pay for as a source of any sort of mat 


the decisive factor on the earth. 


Since we can increase this process of photosynthesis 


are still portions of the earth that are not adequately 
conceivable that one of the solutions of the problem « 
ing demand for energy may be to grow more available 
example, in the Amazon basin, where there are for 
not pay to cut at the present time. We might, for 
a vast amount of solar energy that is not being utilize 
ent time, or that is being expended in a manner t 
ourselves turn to account into starch and sugar 
trial aleohol, and so get a substitute for gasoline. 
that has been in the minds of chemists, of course. for 
One does not know how economic conditions will de 
events, we have here the clue to an understanding 
of energy on the earth. Aside from the fixation « 
organic cycle, and aside from the water power and 
of energy in the inorganic cycle, there is little en 

of energy that is available. 

You might perhaps have expected me to say som 
water in medicine, since this is a medical school leetur 
indeed important in medicine, but not, I suspect 
that makes it possible for a lecturer to explain 
importance. There are diseases involving water. O! 


involves the physiology of water in a remarkab! 


there are processes that might be regarded as in a ec 
opposite of dropsy, such as the curious dehydration 
In many cases they lose water, and it is difficult, or 
get it back again. I ean only say that perhaps hecay 
in some respects simple phenomena—lI say in some 
know just enough about them to know that they are 
that it is really difficult to explain them or even 
them at all. 

And so I shall, I fear, have to omit the more pract 
immediate bearings of the physics and chemistry of wat 
the organism, especially under pathological conditions. I 


s 


principal constituent of our bodies, it is the principal su 


that enters our bodies, it is the principal substance that lea\ 
bodies. and it is, as I have said, that substance whose movement 


the inorganic world and in the organic world constitutes the first 
the most fundamentally important, activity in the world tha 
live in. 


+ 
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INTELLIGENCE TESTS OF CERTAIN 
IMMIGRANT GROUPS 


By Professor KIMBALL YOUNG 


UNIVERSITY OF OREGON 


HE influx of the foreigner into this country only became a 
T serious problem with the shifting of the Old World source of 
the immigration from North to South Europe. The early situation 
in our national history was relatively simple. We had up to the 
Revolution, and forty years beyond, what constituted a genuine 
colonization. In fact, it was only after 1820 that a definite count 


was made of immigration. Even from this date until the Civil 
War, though the arrival of new-comers from Europe was con- 
stantly accelerated, the type of migration made for colonization 
of our free land and permanent citizenship.‘ In the two decades 
following the outbreak of the Civil War, the curve of yearly in 
erease of immigration began to rise very rapidly, yet the source of 
the stream still remained Northern and Western Europe and the 
British Isles. The destination of this immigration, however, began 
to be more and more the rising industrial centers of our country 
and decreasingly so the rural districts—although it appears that 
the peasantry of Seandinavia and Germany often continued into 
the free lands of the Far West, the industrial workers of Great 
Britain, Germany and the bulk of the Irish went into the urban 
centers more particularly. Wherever this immigration went, it 
nevertheless fitted fairly readily into our socio-economic folkways 
and mores, and the biological amalgamation of the ‘‘Older Immi- 
gration,’’ as it has been callea, was in line with the racial stocks’ 
already in the country. 

1The existence of free land in America has had considerable influence 
upon our theories of government, our attitudes toward property, freedom and 
the socio-economic order generally. The significance of free land for racial 
amalgamation and cultural assimilation has been no less important, but less 
often noted. 

* Race is used in this article in the popular rather than in the strict anthro 
pological sense. Properly speaking there are no ‘‘races’’ in Europe, but only 
““sub-races.’’ Cf. Retzius, ‘‘The So-Called North European Race of Man 
kind.’’ Jr. Roy. Anthrop. Institute, 39: 277-313. Cf. also introductory chap- 
ter in Reuter, E. B., The Mulatto (1918) on use of term ‘‘race.’’ 


Vol. XV.—27. 
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With the ever-increasing concentration of industria] eo 
and the accompanying specialization, and withal simplific 
production processes due to the introduction of machine y 
the demand for cheaper, semi-skilled and unskilled labor 
imperative. The rise of Germany to industrial power, 
ing of a point of stable population growth in Great Britai; 
the Scandinavian countries eliminated them as sources of ¢} 
labor. In consequence, we have a noteworthy change to t! 
and Southeast of Europe, and even to Western Asia, for ¢ 
ply. In the short span of twenty years the shift in th 
gravity of the immigration to this country became the ‘‘; 
talk’’ of economics, sociology, political science and dem 
The following table illustrates the now familiar facts: 

TABLE I 
SHOWING THE SHIFT IN THE SOURCE OF IMMIGRATION TO THI 
(In terms of percentages of total from various sources) 

Country Year Percent. Year Percent. Year 
Great Britain........................ 1882 22.8 1907 8.8 
Germany . sneniatainie 1882 31.7 1907 2.9 
Seandinavia .... eal . 1882 13.3 1907 3.9 
Total Western European 

CO EE 71.3 1907 
a ieiciiieaecataincmaits 4.1 1907 
Austro-Hungary .................. 1882 3.7 1907 
Russian Empire . enccaat ae 2.7 1907 
Total Southeast and Eastern 

Europe _......... .... 1882 18.2 1907 75.5 

The complete significance of this change in the soure 
immigration we do not yet know. If the theory of Gener 
Walker be true, we may doubt whether immigration has be 
important or necessary for the growth of the country, since 


anyway, as some persons imagine. Had we had no immigrat 
from the middle of the last century on, according to Walker, « 


but r 


present population would be as large as it is to-day, bu 
we should be a much more homogeneous people, or, at least, in t! 
way of becoming so. 

Now the meaning of the coming of the ‘‘New Immigratior 
as that from Southern Europe has been called, in the matter « 
racial mixture is an unknown quantity. The writer believes, how 


ever, that there is accumulating evidence from studies in ge! 


f 


8 Table compiled from Ellwood, C. A., Modern Social Problen 
and reports of immigration. The term ‘‘ Russian Empire’’ in 
included Russian Poland and other sections now cut away from the for 
empire. Racially most of the contribution from Russia was Hebraic or Polis! 
rather than strictly Russian. 


the 





INTELLIGENCE TESTS 


sallivence of certain immigrant groups, at least, which material, 


nled with the results of researches in the inheritance of mental 
Ap 


should eause us to consider rather carefully the bearing 


rats 
LL, 


:h these facts may have on features of 


cil surely come out of the shift in the source and 

migration.* 

~The present paper will deal specifically with certain samples of 
he South European immigration in terms of general intelligence. 
The special question is: Leaving aside 

lifferences in emotional traits and eultural contacts, what 
senifiecant findings of psychology concerning the gener: 

nee of certain of these immigrant groups that have co 

so overwhelmingly in the past thirty years? 

The nature of general intelligence need not detain us here. 
The uninformed should refer to the long series of important studies 
upon this question initiated by Binet in France, and expanded by 
Stern and his pupils in Germany, and particularly by Goddard, 
lerman, Thorndike and Yerkes in the United States, and more 
recently still taken up by a group of English psychologists—Webb, 
Burt, Hart and others. There are obviously several problems as to 
the exact nature of so-called general intelligence, its growth, its 
importance in successful life career, and especially a: its in- 
nateness (that is i potentia). On the latter point, the evidence 
at hand seems sufficiently valid to establish that general as well as 
specific abilities are transmitted by heredity. The precise biological 
nature of the units involved we do not yet know. Special talents 
may actually turn out to be due to the presence of separate units 
in the germ plasm, and all-around ability may be due to a conflux of 
several factors—multiple and difficult to segregate in the chromo 
somes. Whether in fact, general intelligence is shown to be simply 
a convergence of special traits in certain patterns, as Thorndike 
might assume, or whether due to a more general factor as Spear 
man seems to hold is unimportant for our present paper. Though 
the entire data on the mechanism of inheritance are not at hand, 
ind even admitting that the subtle influences of environment have 
not always been completely segregated and controlled in the studies 
made, the writer believes that our social programs for education, 
Americanization, amalgamation of the foreigner racially, ean not 
nonchalantly ignore these important implications. 


‘Studies of the second and third generation of certain immigrant stocks 
are beginning to accumulate, but so far we lack psychological measures of the 
mental capacity of these various generations,—more especially of the strains 
that have gone into the mixtures. The writer, however, is in much sympathy 
with such studies as Drachsler’s and others. 
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The studies of Galton, Woods, Pearson, Davenport, 
Earle, Starch, and others revealing the inheritance of 


Tl 


traits appear reliable enough, irrespective of the peculiar | 
form which subsequent research may reveal, to make 
status of the mentality of immigrant groups, if know 
prognostic, to say the least, of what the mentality of 


generations of these peoples will be. In other words, th: 





appears rather conclusive for the inheritance of mental 
and if general intelligence tests reveal a given level of 

in an immigrant group may we not assume that we ean 
something of the mental endowment which such a group 
to the future mixtures with other racial groups: 

It is well recognized by all persons interested in racial] 
tality and has been recently reiterated by Major Leonard Da 
win’ that what we want is a high average intelligence in t! 
not a small group of selected superior intelligences, with t} 
of the population of low or inferior intelligence. Out of 
stantly changing matrix of a high average intelligence 
the superior-minded persons who will be able to make th 
ing cultural contributions of the future, while the 
mentality of the masses makes for solid citizenship, 
of high cultural values and successful group spirit. An) 
which will lower the level of intelligence of a group and 
the variability of the same will be deleterious. For instance 
average intelligence of certain of the South European stoc 
have come to us in the past twenty-five years should prov 
as high as that of the older American stock (i. e., of North 
pean ancestry) the problem of mixing the older ana the 
stocks, so far as general intelligence is concerned, will not b 
rious. However, on the other hand, if the Latins, say, who eco 
to us should prove to be but four fifths as intelligent on the 
and less variable when compared with the North Europea 
spring in this country, the racial mixture between the two may 
damaging to the welfare of the country. 

With the methods of testing general intelligence that hav 
come out of psychological investigation and with the implicat 
of heredity in mental endowment, let us review the signific 
studies which throw light on the matter of immigrant ment 
On the basis of these we may then be able to note certain important 
bearings of these findings on the problem of immigration as 
relates to racial mixture and the general intelligence of our future 
population. 


5 Darwin, L., ‘‘The Field of Eugenic Reform.’’ THE ScImeNTIF 
MONTHLY, 13: 392. 
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The writer will review three or four studies made during the 
past five years which deal with racial stocks in various parts of 
this country and will then add notes on his own contribution which 
crew out of a rather extended investigation of certain South Enu- 
ropean groups in California. 

In one chapter of the published data from the psychological 
testing of men in the army°® is shown the relative standing in the 
mental tests of the foreign-born men of various nationalities found 
in that portion of the army which was tested. Each man tested 
in the army was given a final letter rating ranging from A to E 
depending upon his raw score in either the alpha, beta or individ- 
al test. The alpha, as is now well-known, was devised for literates 
of ten years mental age and above, the beta was devised primarily 
for men of low-grade mentality, but was also used for illiterates 
or for men who did not understand the English language well 
enough to handle alpha. The individual tests were exclusively used 
for low-grade mentalities who did not score well or at all in the 
group tests (alpha and beta.) The men of high mentality were 
given ratings of A and B. Men in these classes were considered, 
other things being equal, as being prospective officer material. 
Grades C and D made up men of the grades of privates, but those 
of D rating were discovered to be rather poor military ‘‘risks,’’ to 
borrow a term from insurance practice. 

The following nationality groups are selected as samples from 
a longer list showing the rank order of countries according to the 
percentage of men in each nationality group receiving their final 


. 
4 


letter ratings in D, D—, and E, and also in A and B. 


TABLE II" 
SHOWING THE PERCENTAGE OF MEN OF SAMPLE NATIONALITIES RECEIV 
LETTER RATINGS UNDER THE GIVEN CLASSIFICATIONS 
Nationality Per cent. D, D—and E Per 
Total White Draft........ 
All Foreign Countries........ 45.6 
ET Sictihcdtntatt denice sidlnarion 8 


Germany _...... CS SE ; 15. 
ee ea 19.: 
ee . $7. 
NS 39. 
Russia ais 60 
0 63. 
69.9 


rc 


* Memoirs of the National Academy of Sciences, 15. Psychological Ex 
amining in the United States Army, Pt. III, pp. 693-700. 

‘op. cit. p. 696: The omitted nationality groups fall variously in the range 
of the percentages given in this“able. The totals for the white draft and for 
the total foreign nationalities are given for comparison. 
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In general the superiority of the Nordie stocks ov; 
is evident in this table. No assertions of lancuave 
be brought against these findings, for the men who 


to manipulate the verbal test, alpha, were given the 
test, beta, or the individual performance tests. Over | 
of the Italian group, more than 80 per cent. of the |] 
and 75 per cent. of the Greeks received their final lett 


from the beta or other performance examinations. 





sponding percentages for the Northwestern Europea: 
the English, about 8 per cent, for the Germans s] 
per cent., for the Swedish about 58 per cent. 

It is interesting to compare these figures with thos 
for the Southern and Northern negro draftees: 82.1 ; 
the former received final letter ratings of D grade or 
the latter the like percentage was 47.2. It will be enlicht 
recall these comparisons of the negro draft with the It 
others when reference is made to Miss Murdoch’s im 

Dickson® in his study of first grade school childr 
public schools in California, while his number of cases 
found important differences in the intelligence quot 
various groups when tabulated under racial stocks. A s 
his data follows: 

TABLE III 
SHOWING DIFFERENCES IN INTELLIGENCE QUOTIENTS 
BY RACIAL STOCK 

Race No. of cases 
Spanish 37 
Portuguese _ piedinenn 
Italian (chiefly Southern Italy). 

North-European born ne 
American (North-European ancestry) 

With the average intelligence as measured by careful Bir 
revealing such differences in children of the first grade 
dren were practically all of the same chronological age) w 
the educability, the future economic success, and the contribut 
to national culture and well-being be differentially in favor of t! 
of higher intelligence? True, the overlapping in such grou] 
considerable. The figures do not mean that all the Spanish 
but four fifths as well as the children of North European st 
Some of the Spanish children have intelligence quotients abov 
average of the latter groups, but, on the other hand, the 
quotients of the Spanish group fall below the quotient of the lowest 
American child. So, too, the Portuguese and Italian groups ove! 

8V. Dickson, Unpublished Ph.D. thesis (Stanford, 1919), Tables fro 

notes of Dr. L. M. Terman. Dickson’s study will soon be off the press. 
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be ignored that in 


lap the other groups greatly. It must never 


. . : . 
dealing with averages in intelligence tests, the matter of varia- 


pility must also be taken into account.” 

The objection might well be raised that the di 
racial groups found by Dickson are due to accident of environment 
‘ch would be eliminated later. Would not, for example, school 


whi 
contacts wipe out, in large part, these differences ? 


fluences, such as use of the foreign tongue by 
dren, affect the standing of the Latin children in these tests? 


flerences in these 


Might not home 


nts and chil 


y 


pare 


With a view to investigating these and allied questions, Miss 
Thomson'® five years later undertook the re-testing with Binet tests 
of the same children whom Dickson examined. In a period 
eighths the total length of time demanded by our elementary publie 
school curriculum one would imagine that any grave handicaps of 
language or family background would be largely overcome. <A 
correcting Dickson’s tables on the basis of chanee errors in chrono- 
logical age in his group, and eliminating, of course, from her group 
the eases which could not be found for re-testing, she presents the 
following table: 

TABLE IV 
SHOWING THE CHANGE IN MEDIAN IL. Q. IN FIVE YEARS FOR 
1916 median I. Q 
88.0 


Race 
Total South European 


> 


S&S 
111.0 


102.3 


Portuguese : iatienint 
Americans (from one school).. 
Americans (from second school).. 


In another table somewhat differently arranged showing the 

ancestry of the pupils she gives the following from her own data: 
TABLE V 

SHOWING THE MEDIAN I. Q. OF CERTAIN RACIAL GROUPS 


Race Median I. Q Range of I. Q. 


81.0 51 to 117.5 


IN PUBI SCHOOLS 


South European.. 
North European born... 
American born (North European ancestry 


4) 


102.0 


While the number of cases is small for wide conclusions, it is 
apparent that the American group not only has the highest median 


* It is unfortunate that the P. E.’s of these distributions were not at hand 

10 Thomson, Mildred, ** Validity of Stanford-Binet Tests as a Basis of 
Prediction of School Success’’ (A.M. thesis—Stanford University, 1920 
unpublished). It must be noted that Miss Thomson was unable to secure 
more than two-thirds of the same children as Dickson tested, but there is 
a reason for believing this reduction in the number of cases was due to any 
thing other than chance. Speaking in terms of intelligence, there is as much 
likelihood of an American family moving away as a foreign one. 
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I. Q., but that it is the most variable in range of I. Q. Miss T 
notes: 
It seems that as a whole the tests are as accurate a 


mental capacity of the low foreign element as of the American ; 


As to the matter of the alleged language handicap of the 


of foreign parentage she comments: 
Had language difficulty caused the first low median, the centr 
to change would now be plus. (That is, the overcomi: 


of 


a4 
handicap by additional years in school would raise the median 
It seems evident that although the tests involve the use and under 
language, low scores result not from the failure to understand 
failure to comprehend. 


Miss Murdoch" has studied four racial groups in eert 
schools in New York City in order to discover any me 
ences in these groups with special reference to light on the pr 
of Americanization. Her groups included Hebrew, Italia: 
ean’’ and negro boys in the upper grades. The childre 
stood English, the Italian group being especially hand-p 
is to say, only the boys who in the opinion of the school 
did not suffer from any language handicap were tested 
doch believes this selection of Italians was in favor of 
boys in this nationality. The children were not select 
but by grade, ranging from the fifth to eighth, inclusiy 
means that the age groups ten, eleven, twelve and thirte 
most frequently represented. This grade selection, however 
nated from the comparison all the pupils ten, eleven, 
thirteen who were still in the lower grades. This means 
selection was likely in favor of the more intelligent pupils of 
age groups. The groups came from two different sections of > 
York City, both described as rather ‘‘undesirable.’’ The writ 
this article says: 

At least, between Jewish and Italian boys and between white and 
boys respectively, no allowance for difference in neighborhood envi 
need be made. 


The test used was devised by Pressey along the lines of the 
alpha. Close to 500 cases each of Jewish, American, and Ital 
boys and 225 negro boys were examined. The Hebrew and Amer 
ean children had practically the same averages in the tests. The 
Italians and negroes while running somewhat together, with the 
latter slightly better, were decidedly inferior to the other two 
groups as measured by these tests. Taking the twelve-year-olds 


11 Murdoch, K., ‘‘A Study of Race Differences in New York City 
and Society, 11 (1920): 147-50. 
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cho were tested as a sample—in the Italian group 13.5 per cent. 
r exceed the 50th percentile or median of the Jewish boys; 


negroes exceed the median of the Jewish; and 


equal 0 
94 per eent. of the 
50 per cent. of the 


having the largest numbers in the total group studied, i. e., 


Americans likewise. For the three age-groups 
the 
sleven, twelve, and thirteen-year-oids—the average is 15.5 per cent 
for the Italians, 30.5 per cent. for the negroes, 53.7 
equaling or exceeding the median for the 


per eent. 


the ‘‘Amerieans”’ 
Hebrews.** 
Whether the children studied according to age in rela 
test results, or by grade location the Italians maintained ‘‘their 


nosition at the foot of the four races.’’ Language ean not account 


on to 


for the low scores of the Italian, for, as already noted, those who 
were suffering from difficulties with the English language were 
excused from the tests. Miss Murdoch writes: 


The fact remains that Italians who were thought by their teachers, prin 
] and the neighborhood social workers to be laboring under no langn ore 


pai, 


handicap were found to be very inferior to the other three races 


However, since the test used by Miss Murdech was based upon 


verbal concepts, in part at least, the accusation may still be made 


that the Italian home does not furnish the English tools to its chil- 
dren so well as the Hebrew, negro, or American. Let us look fur 
ther to see what additional studies have shown. 

In order to test the matter of alleged language handieap and to 
investigate the general question of mental differences in immigrant 
groups in this country, the writer of the present article undertook 
in the years 1919 and 1920 to apply psychological tests to the chil- 
dren of certain South European and Latin American immigrants 
viz.: South Italians, Portuguese, and Spanish-Mexicans—and to 
compare the same with groups of children of Northern and Western 
European ancestry.’* Over 90 per cent. of the Latin stock (as we 
may call the former for brevity) studied were born in this country 
and practically all of the children of the latter stocks, or Non-Latin 
as they have been called. The survey was made in several cities 
and towns of the west-central portion of the state of California. 

Several measures of mental differences, direct and indirect, 
were made. Such outside criteria as the grade location, teachers’ 


2 The number of negroes at these ages is too small to warrant any wide 
conelusion concerning the intelligence of negroes compared with Italians The 
negroes were a much more highly selected group perhaps than the Italians, 
further, the Northern negro is on the average higher than the average intelli 
gence of the entire race in this country. 

18 This study will be published soon in The University of Oregon Publi- 
cations under the title: ‘‘ Mental Differences in Certain Immigrant Groups.’’ 
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estimates of intelligence and of the quality of school) 
made and compared with the results of the psychol 
themselves. Of the latter there were two batteries ; 
general intelligence tests: the first, the army alpha, is 
test based quite extensively upon language and dealing wit 
cepts of verbal nature; the other, a slightly modified 


adapted to school children who understand at least a 1 





English necessary for instructions. Rather than se 
school children from certain grades the writer select 


twelve-year-old children in the schools which avoided 


sampling that must have arisen had children in one or ¢ 
only been selected. By this method, then, all the twely 


from the entire public school systems in the commu 
were studied irrespective of their grade location. Ineid 
manner in which these twelve-year-olds distributed 
through the grades indicates once again the fact t] 
age is no criterion to the pedagogical age of a child, 
racial stock. 

This is no place for a detailed report of the 
study, but the pertinent facts for the problem of immig: 
tality will be briefly given. It was found that the actual 
eation of the children is the best single criterion of t] 
gence aside from the mental tests themselves. The comp 
standings of the Latin with the non-Latin groups shows 
modal grade for the latter is the low seventh, for the Sout! 
the high fifth, for the Spanish-Mexicans, the high fou 
Portuguese, the fifth.’* On the basis of the teachers’ est 
general intelligence on a seven-rank scale the Italians 
average .8 of one class-rank below the ‘‘ Americans,’’ 
guese are over one class-rank below the latter, and the 
Mexicans over one and one quarter class-ranks below. 

Coming directly to the results of the tests themselves, 
portant fact for us is that of overlapping of intelligence 
groups. The following tables give first the absolute differ 
measured by the tests, then the measurement of the overlappi 

TABLE VI 
(A) 
SHOWING THE DIFFERENCES IN AVERAGES AND IN VARIABILITY 
Race group Median Alpha P.E.dist. Median Beta 
ll 59.21 18.48 68.88 
aE -. 24.92 13.90 54.75 
Portuguese ........ a 15.65 52.03 


Spanish- Mexican 23.67 12.82 52.96 


14 The Pertuguese group was not segregatable into half gra 
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(B) ALPHA RESULTS 
\WING PERCENTAGES OF FOLLOWING RACIAL GROUPS EXCEEDING 


OF THE AMERICAN GROUP (Actual and theoretic: 
Per cent. exceed. Per cent. exceed. 
American Q1 American Median 
(Actual) (Theor.) (Actual) (Theor 


Race group 
. 24.50 22.66 7.00 


han 
. 22.50 23.88 10.00 


‘ 
21.50 17.36 6.80 9s 


Portuguese 

i:nish-Mexican 
(C) BETA RESULTS (as under B 

. 33.40 31.21 18.00 16.11 

25.46 13.75 11.51 

15.50 13.79 


Spanish Mexican ...... 30.40 27.76 

From the average for the American twelve-year-olds it looks 
at once as though measured by the alpha the Latins are decidedly 
inferior to the Americans. The beta averages, while more nearly 
alike for the Latins and Americans, still show a marked superiority 
for the latter. It must be noted that the range of the beta units 


is just half that of the alpha, hence the differences in the actual 


figures in the table are not indicative of the real differences re 
vealed. It is still true, however, that the Latins approach their 
competitors more closely in the beta than in the alpha tests. The 
latter is based, as we noted, upon verbal concepts, while the latter 
is a so-called performance test operated independently of lan- 
guage. Were it not for the differences shown in other measures 
of intelligence, as, for instance, grade location, teachers’ estimates 
of intelligence, and school marks, it might be imagined that the 
differences brought out in beta are more truly significant of the 
differences in ability than alpha. I have shown elsewhere that this 
is not the case,** but space prevents a lengthy discussion of the 
matter here. The following points summarize these facts: 

First, the beta tests proved too easy for the American twelve- 
year-olds who were above their years in intelligence. This means 
that the tests were not diagnostic enough for these children and 
that there was a piling up of high scores for these children at the 
upper end of the scale. This narrowing of the spread of their 
actual abilities is the reason for the lower P.E. of the Americans 
in beta as compared with the Latins. Had the tests been more 
suited to their real mental capacities, some of them would have 
scored higher and the average for their group would have risen, 
and their variability as a grou; would have been greater. -For the 
Latins the tests proved well suited for their capacities. 


‘S The figures tabulated under ‘‘theoretical’’ are the computed measures 
of overlapping when the reliability of the tests are known. Cf. Kelley, T. L., 
‘The Measurement of Overlapping.’’ Jr. Educ. Psychol., 10: 458ff. 


‘* Discussed in writer’s study mentioned in footnote No. 13 above 
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Second, checking the alpha by correlation against the 
eriteria, such as, grade location, teachers’ estimates of inte]! 


and the school marks, it was found that the alpha, the verba) ; 
was more diagnostic of the mentality and hence educabilit, 


( 


Latins and the Americans both than was the beta. In 
these correlations go to indicate that the asserted language ha 
under which the foreign children are supposed to labor 
exist, at least so extensively as imagined.'*? As Miss Thon 
it the failure in the tests and in school is not based » 
failure to understand as failure to comprehend. 

The measures of overlapping (sections B and C of 
reveal more significant facts of mental differences in th 
than the differences in average score. If these tests ar 
measures of differences, and there is certainly much e\ 
they constitute the best measure of mentality science has 
duced, may we not assume that the extent of the overlapp 
the groups clearly concerns an important problem befo: 
ly: the relation of these differences to future racial n 
is subsequent to our enormous immigration? If ther 
preponderant in mental heredity it appears that this quest 
be answered. 

Taking the South Italian group as a sample of the 
near Latins (as we may term the Spanish-Mexicans 
equalled the American group, 75 per cent. of them shou! 
the first quartile or 25 per cent. of the latter. As a1 
fact in alpha less than 25 per cent. of them exceed the lov 
per cent. of the Americans. So, too, with the median or s 
quartile, but 7 per cent. of the South Italians exceed the lower 50 
per cent. of the Americans, and but 1 per cent. exceed the up) 
25 per cent. of the latter. 

It may be that alpha is unjust to the Latins even though t 
is considerable evidence that it is on the whole quite adequat 
diagnosis of mental differences. It may even be that the lang 
difficulty which a proportion of the Latins certainly had 
they entered the publie school has persisted until its effect 


17 It is rather interesting to recall that thirteen years ago Ayres 
book, Laggards in Our Schools, pointed out that language difficult; 
operate as a factor in school retardation. He wrote: ‘‘ Wherever st 
have been made of the progress of children through the grades, it | 
found that ignorance of the English language does not constitute a s 
handicap.’’ (p. 116). Of course no one would argue that in children 1 
arrived in this country from foreign countries speaking another lang 
would not be handicapped in the period of acquiring our tongue. But b 


that period, the trouble in retardation lies in other directions. 
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felt as late as five or six years after entry.'* Therefore for those 
abe would still maintain that alpha is too distinctly advantageous 
+) American children, the overlapping in beta, in spite of the fact 
that the evidence is clear that this test is unfair to the American 
twelve-year-olds, still shows the latter superior. But 33 per cent. 
of the Italians exceed the lowest 25 per cent. of the Americans, but 
12 per cent. exceed the lower 50 per cent. and but slightly over 8 


ner cent. the upper 25 per cent. There is no evidence that the beta 


was in any way unfair to the Latins either in content or presenta- 
tion. All the children were tested by the writer personally in small 
groups and in each session members of all the racial stocks were 
present. The Portuguese and the Spanish-Mexicans compare less 
favorably with the Americans than the South Italians. 

We may now conveniently summarize the results of the experi 
mental findings on this subject before passing to interpretative 
paragraphs. 

The army tests on recruits and draftees showed that the Latins 
and other Southern European (also certain Eastern European) 
groups were decidedly inferior to the men who were natives of 
Northern and Northwestern Europe. The Dickson-Thomson studies 
have presented good evidence that the intelligence of the racial 
groups, at least of those investigated, does not improve by educa 
tion, and further that in the samples which they study the Latin 
groups are on the average eight tenths (.8) the average intelligence 
of the American children of North European ancestry. Murdoch’s 
survey revealed that as measured by the Pressey scale of general 
intelligence, the Italian groups which she studied were decidedly 
inferior to the American and Hebrew children tested, and even 
slightly lower than the negro children measured at the same time. 
Her twelve-year-old group (which we noted was a selecteu’ sample) 
compares quite noticeably with the writer’s. In her results she 
reports that 13.5 per cent. of the Italians equaled or exceeded the 
median of the Americans. The writer’s figure for a similar meas- 
urement of overlapping was but 7 per cent., but the difference 
may be due partly to the nature of the test and partly to the fact 
that his sample was not at all handpicked. It may be due to 
actual differences in the intelligence of the group. The important 
point, however, is the likeness of the two studies. 


*The writer in answering those who maintain that all differences in 
mentality (barring the extreme feeble-minded) are due to environment and 
opportunity, is always puzzled to know how these persons account for the dis 
tribution of children at 12 years of age, some in third, fourth, fifth, sixth and 
seventh grades, when they all started in school at the same time. 
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One may use norms which were developed’® for tra 
alpha seores of school children into Binet mental ages 
done it is found that the Latins measured are on the 
years retarded as compared with the American gro 
Again the caution must be repeated that the range of se 


group is wide, meaning that the differences are relat 





lute. 

Space forbids further comment on the studies ther 
we must turn before concluding to a few paragrap] 
probable bearing of these findings upon the problem 
tion and the mixture of immigrant stocks in this count: 

If the researches into mental heredity have the 
we suspect, ther the differences shown in these invest 


cited are simply reflections of what is found in the 


population. The findings of racial differences in imn 


revealed in the army lend weight to this assumpt 
it is interesting that the preliminary testing of tl 
Chinese made in California indicates that these Or 
grant stocks compare very favorably with the A1 
tion of North European ancestry in the same 
Surely the language handicap is of greater pot 
Oriental than in the European. So it seems that tl! 
of testing have enough pertinence to make us pause 
the meaning of their findings. 

As noted at the outset of this paper, we have shif 
of our immigration from North to South and E: 
further we have drawn more and more upon a lov 
antry as compared with the rather good average in 
agricultural classes that formerly came to us from Ger 
dinavian and Anglo-Saxon countries. 

As we noted above*® the problem of mixing racial! st 
of producing high average intelligence in the masses so 
the biological chances for the production of each generat 
superior persons who will make the greatest advances 
generation. If the mentality of the South Europeans 
flooding this country is typified by the mentality of the thr 
studied by the writer and others, the problem of future s* 
of living, high grade citizenship and cultural progress is 
The writer does not attempt to say whether these fi 


19 From norms developed by Drs. 8. C. Kohs and W. M. Proct 
ford University (1918-19). Cf. Proctor, W. M., ‘‘ Psychological 
Guidance of High School Pupils.’’ Jr. Educ. Research, Monog 
70 (1921). 

20 supra, p. 5. 
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typical of the entire racial groups from which these samples came. 
Nol 1e of these studies is an investigation of the whole population of 
Portugal, South Italy, Spain or Mexico. They are surveys of these 
vks as actually found in the usual immigrant settlements in 
s county. However, the writer stands firmly upon the ground 
the evidence points to the fact that these samples are very 

! of the immigrants who reach this country from these Euro- 


dune 
pica 
r ? 


an sources. Is not this after all the significant thing: Kor in- 
stance 85 per cent. of the total immigration from Italy in the past 
0 years has been from the same districts of South Italy from 
ch the largest sample of the writer’s own investigation and that 
] 


* Mr. Dickson and Miss Thomson came. The indirect evi 

Miss Murdoch’s Italian subjects were also from South rather 
than North Italy. In fact it is not impossible that the Italian in 
(California is even a little superior on the average to his confrére 


Cy] yw} is 


who has neither energy nor ambition to get out of the industrial 
nters where most of these people first settle in our country. Of 


» Portuguese the writer can only venture a guess that he is much 


like the Portuguese found elsewhere in the United States, princi 
in New England. The Spanish-Mexican groups appear 


typical of the immigrants of this stock. 


Does not the evidence accumulating, one phase of which has 
been reviewed here, point conclusively to the fact that a continued 
deluge of this country of the weaker stocks of Europe will ulti 
mately affect the average intelligence of the population of this 
country? It is comment everywhere that the better stocks are 
losing ground compared with the poorer in the matter of offspring. 
The more intelligent classes are practicing, in one way or another, 
a conscious control of the number of their children. The result of 
this must mean a shifting in the average intelligence of the popu- 
lation toward that of the poorer stocks. Now hybridization of 
stocks is already taking place. It does not seem to be true that 
the inferior stocks always mix with their own kind—the history 
of the Kallikaks and such like proves that these stocks are con- 
stantly sending out their tenacles into the higher biological strains. 
Have we not been caught in the myth of the Melting Pot and in a 
sort of pious wish that all was well and that nothing could happen 
tous? The general economic progress of the past fifty years may 
have made us myopic of the larger meaning of these accompanying 
changes in our population. As Irving Fisher put it :* 


Mechanical inventions . . . have given us more and more room for expan 
sion and we have mistaken this progressive conquest of nature for a provres 
sive improvement in ourselves. 


*\ Fisher, I.: ‘‘Impending Problems of Eugenics. ’ 
Moyray, 13: 215. 
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Certain sentimentalists have talked glibly of 
racial stocks. This presupposes the capacity of one 
pletely to take over another and make as the origi) 
There may be cultural assimilation (even this 
technical sense), but there can not be biological ; 
we have is amalgamation, and as Conklin and others 
out, amalgamation means a hybrid stock, a stock comp 
of the elements of the two or more strains running into ¢ 
generation. 

It is true that biologically the mixing of the North 
European is hardly analogous to the mixing say of t! 
the black races or the whites and the mongoloids. B 
previously noted** the European stocks are actually 
Furthermore in reference at least to the latter stocks the 
is not an all or none principle. If these tests of general int 
are at all significant it is evident at once that there is « 
overlapping in the various groups. For the future of 
a careful selection of the best in all the European stocks 
thought desirable. However, it is a common assumption of br 
and eugenists that for the production of a stable, hom 
strong stock isolation, group inbreeding and some oceasi 
not too great, influx of exotic strains is necessary.** The incon 
of even somewhat distinct racial stocks might be profitable 
high average intelligence and wide variability. 

What we want, then, in brief is such a selection of Ew 


peoples that they will add variety to our population but not | 


its intelligence. We have, of course, the comparable problem of 
venting the continuance of inferior lines in the present populat 
in this country without adding any more congenital liabilit 
our people. 

In conclusion the writer wishes to submit a few comments uv] 


the practical phases of immigration problems which he belie 


grow out of these partial but significant investigations of men 
in immigrant stocks. 
(1.) There must be a change in public opinion as to the 


sirability of large numbers of immigrants. We acquired the hal 


previous to 1914 of pointing proudly each year to the rising 1 
of foreigners into our land. The economie exploitation of cl 
unintelligent labor from abroad has fastened a serious racial 


well as social-economie problem upon us. It has resulted in co 


siderable ethnic displacement. The ‘‘Older Immigration’’ has « 


22 Supra, p. 2—ref. Retzius, ete. 
23 Cf. East and Jones, Inbreeding and Outbreeding, p. 264. 


is 
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tly lost ground in the face of the ‘‘New.’’ The public opinion 


stan 


f this country needs arousing to opposition to the policy of eco- 
v - ’ . . . . . > 
mic stimulation of immigration to this country for the profits of 
LA . 


the few at the expense of the general well-being. 

9) This means that immigration should be eontrolled in the 
interests of the national welfare. The present law is inadequate, 
unjust and ill-administered. To base the percentages of admission 
on the number of immigrants of various nationalities in this coun 
1910 is merely to continue relatively the same evils as here 


fr At present there seems to be some evidence that desirable 
people from Northern Europe and certain English colonies are 
being kept out while the ratio for Italians and Southern and 
Southeastern Europeans is large because of the ‘‘high’’ tides of 
‘mmigration which they reached previously. Moreover, a literacy 
test is not an adequate criterion of the kind of persons we want. 
Due to inequality of educational opportunities in Europe, it is 
likely that persons of good intelligence may be barred because they 
can not read or write while persons really subnormal, but possessed 
of a modicum of education are able to pass the meagre demands 
on their reading and writing abilities at the gates of the country. 
Davenport has suggested a study of family strains in Europe, but 
this is expensive and impractical of execution. 

The writer believes a set of well-worked out physical and psy 
chological tests applied to all applicants for entrance into this 
country would assist in rejecting those whom we do not want. 
While the psychological tests are not perfect, they are far superior 
to any other scientific means which are available. The remarkable 
success of mental testing in our military organization during the 
war should dispel serious doubts as to the practical value of psycho 
logical tests for determining intelligence rankings and from that 
predicting suceess at tasks such as modern complex society de 
mands, It would well repay our government to spend a consider- 
able sum if necessary (say half the cost of one battleship) to de 
vise under expert advice a set of tests to fit the needs of the im 
migration bureau. With adequate time at their disposal a body 
of experts could arrange a battery of tests, with norms, superior 
to anything yet at hand. Tests could be devised which would take 
into account the different linguistic and cultural backgrounds of 
the applicants, and further the non-verbal test offers possibility of 
expansion that is still unknown. On the basis of such tests. legal 
enactment could determine the standards to be set. In addition. 
if necessary, some differential standards on absolute numbers ad- 
missible any year could be laid down. . It seems to me that there is 
not a better piece of service for the National Research Council than 

Vol. XV.—28, 
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an attack upon this problem with an effort to secure th 
government’s support and adoption. 

True, there remains after such a program, if it is ever 
the entire matter, noted already, of the inferior strains j) 
ulation now present in our country. Were we to set out 
sible program regarding the immigrant, we should | 
mately into another analogous one concerning the infe 
already extant in our population. Linking up these ty 
with a sane educational policy we might look forward 
national greatness. For who doubts that the contributo: 
culture must be a high-minded race? 

On the other hand, if we continue our present m 
rational, hit-and-miss method of dealing with these 
problems and the country becomes more and more inw 
inferior stocks, the questions of American citizenship, 
and cultural progress will be increasingly difficult of solut 
fact, ultimately such problems as we now see them will 
merged in the low standards of life ana eulture whic! 

a lessened average intelligence in the general populati: 

The picture may be pessimistic. It should arouse us t 
To those who are pragmatists and meliorists the matter 
hopeless, except in so far as the individuals and communit 
volved fail to recognize the gravity of the matter and naivel 


their eyes to the realities. Blind leaders of the blind, we maj 


shake our heads in serious meditation. But if the public cor 
ness of the country, under good leadership, realizes the 
soon enough there is no reason why we should not suce 
solve this issue and assure our country’s place of leaders! 
world. 
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UNIVERSITY OF PITTSBURGH 
By Dr. WALTER LIBBY 


I’ the recent newspaper controversy concerning evolution, one 


of Mr. Bryan’s supporters displayed some impatience at the 
emphasis placed by scientists on resemblances. He protested in 
the name of logic against what seemed to him an undue insistence 
on resemblance, resemblance, resemblance! But unless we take 
account of the similarity among phenomena, how are we to ar- 
range and classify the data of physics, chemistry, botany and 
zoology, or arrive at the concepts of which the propositions and 
syllogisms of the logician are composed? We can have no science 
of distinct existences ununited by the bond of likeness. It is only 
by virtue of resemblances that we are enabled to pass from the 
observation of particulars to the consideration of universals. Bain 
and other psychologists are so far from belittling the ability to 
diseover the bond of similarity among phenomena, often apparently 
unlike, that they regard it as characteristic of the man of genius. 
For James, genius is the possession of similar association to an 
extreme degree. To the type of genius that notices the identity 
underlying cognate thoughts belong the men of science, and it 
is in the concept that the conscious identification takes place. 

Conception, or the cognition of the universal aspects of phe- 
nomena, can be illustrated from the history of the biological 
sciences. For example, what Linnaeus called the ‘‘System of 
Nature’’ was in reality a system of concepts. His classifi- 
cation of plants, though it prepared the way for more natural 
classifications, was crude, because based on superficial similarities. 
He, as Harvey-Gibson says, ‘‘elaborated a complex and beautifully 
arranged and catalogued set of pigeon-holes and forced the facts 
that Nature presented to him into these pigeon-holes, whether they 
fitted the receptacles or not.’’ His zoological concepts were like- 
wise inadequate. Suffice it to recall his vague use of the terms 
Insecta, Vermes and Chaos. The likenesses revealed in animal 
structure by the comparative anatomists from Hunter to Cuvier 
and Owen led to a sharper definition of concepts and a more satis- 
factory classification. Paleontology afforded new materials for 


‘The second lecture in a series entitled ‘‘The Psychology and Logic of 
Research’’ given before the Industrial Fellows of the Mellon Institute, Feb- 
ruary 14 to May 2, 1922. 
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comparison. Lamarck introduced the term Invertebrate. f, 
ology and the use of the microscope led to fresh observati 
likeness and to the establishment of the natural affinities of sy 
and genera. Here might be mentioned particularly the dies 
of the notochord—the key, as it has been ealled. of vert, 
anatomy—and the consequent use of the term Chordat, 
coming of evolution made possible a phylogenetic elassifieati 
organisms and a subtler differentiation of biological eo) ce] 
The dominance of conceptual thinking in the classife 
aspects of science is fairly obvious. For example, in adopting 
terms Quercus alba, Q. rubra and Q. salicifolia, the sevent, 
century taxonomist merely associated a definite nomenclature y 
the distinct concepts of Virginian woodmen, who had observed ; 
likeness of American and British oaks. In other aspects of scie 
where the importance of the concept is far less obvious, it is yy 
the less real. In the study of human anatomy by means ot 
section it is generalized or conceptual knowledge that o1 
and retains. Anomalous or exceptional structures—s 
triceps muscle in place of a biceps, or an over-developed 
carnosus—are either disregarded and forgotten, or reme 


as anomalies and exceptions. In any case, what the student ret 


after two years spent in the dissecting-room, is a generalized know] 


edge of the structure of the human body and not a memory of t 
particular cadavers that seemed to occupy the focus of his att 
tion. The case is somewhat similar with your natural history n 
seum. The biological collections consist wholly of dead sym! 
of living things. Bones are frequently represented by masses o! 
limestone or silica. A single specimen may do duty for a species 
genus or order. The mere external surface—the shape—may alo. 
be preserved. Only one stage in an animal’s development may be 
exhibited, or only one posture—the Megatherium pulling down 
tree or a dinosaur in a more or less characteristic pose. Each spec 
men has value not as representing an individual but as symboliz 
ing a group. Each concrete object, like a word in a cataloguc 
serves to recall a concept. 

The importance of cultivating the habit of conceptual think 
ing has been definitely recognized since the time of Plato, and 
Plato’s master, Socrates. The majority of people, according t 
the Platonic dialogues, are the slaves of their senses and never 
attain to a system of clear concepts. They fail to translate their 
perceptions into conceptions and to pass from the sensible world 
to the supersensible or intelligible world. Plato valued the sciences 
with which he was best acquainted—mathematies and astronomy— 
because they tend to wean the mind from what is sensory and 
transitory to what is conceptual and eternal. The concept triangle, 
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the triangle of definition, is more real than any of its visible repre- 
sentations. Discipline in conceptual thinking is perferable to 
utility. ‘‘You amuse me,’’ he writes, ‘‘by your evident alarm lest 
the multitude should think that you insist upon useless studies. 
Yet, indeeed, it is no easy matter, but, on the contrary, a very 
difficult one, to believe that in the midst of these studies an organ 
of our minds is being purged from the blindness, and quickened 
from the deadness, occasioned by other pursuits—an organ whose 
preservation is of more importance than a thousand eyes; because 
only by it ean truth be seen.’’ 

Plato’s philosophy is interesting for us because modern science 
is just such a system of clear concepts as he had in mind, and it is 
a mistake to interpret his intelligible world as something invisible 
to-day but accessible to the senses at some future time. The scien- 
tist must turn away from the sensuous world of the artist and the 
child to the intelligible world of mathematics, physics and biology ; 
from the eight or seven little boys seated on a fence to cube root 
and prime numbers; from the panorama of many-colored nature 
to the conceptual world of elements, atoms, ions and electrons. 
The sciences are a sort of shorthand way of conceiving phenomena. 
They do not give us nature in its richness and fullness. In the 
words of Mephistopheles, ‘‘Gray, dear friend, is all theory, and 
green the golden tree of life.’’ Picturesqueness is sacrificed by 
the scientist for the sake of clearness and economy of thought. He 
casts his net now for one kind of fish, now for another. For an 
artist like Monet, water may be a shimmering variegated surface ; 
for the child it may mean ‘‘to drink;’’ while for the chemist it 
may be H,O, or, if he conceives it as an aleohol, H.OH. 

Of course science has no monopoly of clear conceptions. In in 
sisting on the value of an education in conceptual thinking, Plato 
had in mind the training of leaders in ethics and statesmanship, 
and thus anticipated by a few centuries the publicists and phil 
osophers who to-day advocate, as a novelty, the application of the 
intellect in social and political reform or proclaim the cultivation 
of the scientific habit of mind as the sole means of maintaining and 
advancing contemporary civilization. He would have recognized 
Lincoln as a man of clear conceptions, gained through a unique 
self-education, by living in close contact with man and nature, 
by reading a few books with extraordinary care, by poring over 
the statutes of Indiana, studying grammar, arithmetic and sur 
veying, conning the dictionary, passing in review the life of Wash- 
ington and the history of the United States, following with a 
frontiersman’s imagination the exploits of Robinson Crusoe, ab- 
sorbing the wisdom of Aesop’s Fables, weighing the moral prin- 
ciples of The Bible and The Pilgrim’s Progress. Indeed, 





438 THE SCIENTIFIC MONTHLY 


clear conceptual thinking, the scientific habit of mind, was « 
sciously cultivated by the moral philosophers of Greece. pee 
by Socrates, whose chief distinction is that he subjected to er , 
examination such concepts as virtue, temperance and just 
Speaking of this pioneer work, Stout says: ‘‘It is only a a 
stage of mental development that an attempt is made to dist n 
an identical or persistent element of meaning pervading the : 
ing significations of a word. When the attempt is made. it 
stitutes an epoch in the history of thought. It is the beginning . 
definition and of the scientific concept.’’ 
Conception, or thinking the same in like circumstances. 
its complement in discrimination. Association by similarity 
offset by dissociation, integration by disintergration, synthesis 
analysis, and the observation of congruity by the observatior 
incongruity. In this respect, there is a marked difference betwe 
one individual and another. Experiment shows that one student 
may recognize readily ten shades of gray where his classmate |} 
the greatest difficulty in discerning any difference in shade wha 
ever. Similarly, one mind is alive to shades of meaning that 1 


no impression on another. Aristotle, the greatest of all scientifi 
intellects, trained for twenty years in the school of Plato in con 
ceptual thinking, the most acute among the Greeks, as he has bee: 


ealled, in noting differences and making distinctions, carried his 
investigations into almost all the realms of knowledge. His sue 
cess was most marked in fields where his aptitude in the employ- 
ment of general concepts was supported by a wealth of observa 
tional data. This is particularly remarkable in his researches in 
biology. In the Historia Animalium, for example, one discovers 
the trained thinker bringing order out of chaos by the application 
of the intellect to the facts of experience, so called. It is the cus 
tom among historians of a conservative type to belittle the medieval 
followers of Aristotle, and above all the scholastics. But even to 
scholasticism modern science is deeply indebted for the develop- 
ment of logie in general, and for the definition and differentiation 
of concepts in particular. 

The use of language is the indispensable concomitant of clear 
conceptual thinking. We can not think of one of the lower an! 
mals advancing very far in logical thought. He is bound down 
for the most part to the fleeting images of things, and lacks the 
word (logos) by which they might be made permanent and inde- 
pendent of the continuum of experience. The intellectual develop- 
ment of the child proceeds as a rule pari passu with its command 
of appropriate terms. ‘‘Out of hundreds of English-speaking 
children,’’ says Terman, ‘‘we have not found one testing signifi- 
eantly above age who had a significantly low vocabulary ; 
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correspondingly, those who test much below age never 


nave a high vocabulary. Occasionally, however, a subject tests 
somewhat higher or lower in vocabulary than the mental 
ave would lead us to expect. This is often the case with 
jul] children in cultured homes and with very intelligent children 
whose home environment has not stimulated language develop- 


ment. But even in these cases we are not seriously misled, for the 


dull child of fortunate home surroundings shows his dullness in 
the quality of his definitions, if not in their quantity; while the 


bright child of illiterate parents shows his intelligence in the 
aptness and accuracy of his definitions.’’ Terman thus makes it 


lear that intelligence is not to be gauged by the extent of one’s 
vocabulary, but by the exactness with which concepts are defined. 

In the interests of the progress of both science and democracy, 
t is important that training in the precise use of words—especially 
the derivatives of those languages from which we draw our general 
eoncepts—should not lag behind other conditions of the develop- 
ment of the immature. As Walter Lippmann says, ‘‘ Education 
that shall make men masters of their vocabulary is one of the 
central interests of liberty.’’ Franklin’s success, both as a states- 
man and a scientist, was in no small measure owing to the severe 
drill in the use of the English language to which he subjected 
himself. Two other self-educated research men, namely, John 
Hunter and Michael Faraday, who, on first thoughts, might seem 
to bear witness against the view that language training is of im- 
portance in scientific investigation, prove on examination to fur- 
nish testimony in corroboration. John Hunter received little if 
any schooling. He turned in contempt from the opportunity of 
studying the classics at Oxford. Although, after reaching ma- 
turity, he was brought, through the closest association with his 
brother, William Hunter, in contact with scholarly traditions, he 
never overcame the defects of his early education. We are in- 
debted to him for such concepts as ‘‘arrested development’’ and 
“secondary sexual characters,’’ but his pages are strewn with 
terms like ‘‘the stimulus of death,’’ ‘‘the stimulus of imperfec- 
tion,’’ and ‘‘sympathy,’’ to which he assigned a significance now 
impossible to recover. The lack of language training, in spite of 
Hunter’s genius and vivid personality, was detrimental to his 
influence as a lecturer and writer. Owing to this shortcoming, 
science has not yet reaped the full harvest of his tireless energy 
in research. For example, the recapitulation theory, as stated by 
him, seems to-day little more than a literary curiosity, though it 
may have influenced the progress of embryology through the inter- 
pretation of the younger Meckel. The case of Faraday was some- 
what different from that of Hunter. Having received an elemen- 
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tary education, Faraday became apprenticed to a book-hiy 
For years he spent his leisure time in reading scientific works. hs 
the age of twenty-one he gained the favor of Sir Humphry Dav 
by a lucid report of some lectures delivered by Davy at the Roval 
Institution. Faraday became Davy’s assistant, traveled on - 
Continent with his patron, studied foreign languages, and p 
definite efforts to acquire the oratorical arts of Davy, a recogn; 
master of scientific diction. Faraday’s opportunities for languag, 
training, however, came just a little too late. He sometimes 
fessed his difficulty in formulating the ideas that occurred to hi; 
He sought aid at the University of Cambridge and was indebted 
to Whewell for such terms as ‘‘electrolysis,’’ ‘‘electrolyte,’’ ‘ 

ete. 

Language permits us to summarize nature, to express 
schematically, to seize upon certain aspects of it—that is, to analvz, 
phenomena with certain purposes in view. For Priestley th 
part of the atmosphere that supports life was ‘‘pure dephlogis 
cated air. Lavoisier substituted a new term and a new concep 
tion, viz., ‘‘oxygen.’’ Davy spent a great deal of time proving 
that Lavoisier had a false conception of the element discovered 
by Priestley. We retain the name after having modified the cor 
cept. This we do with the greater freedom, seeing that the classical 
term ‘‘oxygen’’ is not self-explanatory, as is the analogous tern 
‘*Sauerstoff.’’ Gases were known in the last quarter of the eight 
eenth century as ‘‘kinds of air,’’ or ‘‘factitious airs.’’ As late as 
1766, Cavendish ealled hydrogen ‘‘inflammable air.’’ In 1783 
and 1785, he made experiments that justify the conceptions ex 
pressed by the terms ‘“‘hydrogen’’ and ‘‘nitrogen.’’ It was almost 
impossible to think clearly concerning earth, air, fire, and water 
the so-called elements, without having the terms ‘‘oxygen,’’ ‘‘nitr 


fone 


9? 


gen,’’ ‘‘hydrogen,’’ ete., as symbols of the concepts correspon 
Counting, measuring, weighing—the application of math 
maties—must be regarded as among the best means of sharpen) 
up our conceptual thinking. One classical example is Lavoisier’s 
use of the balance in establishing the nature of combustion and 
giving phlogiston the quietus. ‘‘ About a week ago,’’ he wrote o 
November 1, 1772, ‘‘I discovered that sulphur in burning, so far 
from losing weight, rather gains it; that is to say, that from 
pound of sulphur more than a pound of vitriolic acid may be o! 
tained, allowance being made for the moisture of the air. It 's 
the same in the case of phosphorus. The gain in weight comes 
from the prodigious quantity of air which is fixed during the con 
bustion and combines with the vapors. This discovery, which 
have confirmed by experiments that seem to be decisive, has mad 
me believe that what is observed in the combustion of sulphur a 


| 
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phosphorus may equally well take place in the case of all those 
bodies which gain weight on combustion or calcination. I am per- 
suaded that the gain in weight of the metallic calees is owing to 
the same cause.’’ Lavoisier followed up this work by the calcina- 
tion of tin in 1774, and in the same year—after Priestley’s dis 
covery of ‘‘pure dephlogisticated air’’—by the oxidation of mer- 
eury. In 1777, Lavoisier stated: that in all cases of combustion 
heat and light are evolved ; that bodies burn only in oxygen (or air 
éminement pur, as he at that time called it) ; that oxygen is used 
up by the combustion, and the gain in weight of the substance 
burned is equal to the loss of weight sustained by the air. 

The differentiation of terms and concepts is so necessary an 
accompaniment of the advance of science that no collection of 
examples can be regarded as adequate or as even fairly repre- 
sentative. Though Lavoisier in 1777 succeeded in giving to the 
concept ‘‘combustion’’ a much more clearly defined meaning than 
had attached to the ‘‘fire’’ of the ancient philosophers or the 
‘‘flame’’ of Francis Bacon, in 1789 he still included ‘‘caloric’’ and 
“light”? in his table of elements. In spite of the definition by 
Robert Boyle of the concept ‘‘element,’’ and the attempt of New- 
ton to determine the meaning of ‘‘atom,’’ these ideas, inherited 
from the remote past, were at the close of the eighteenth century 
about to enter on a new series of transformations. In the seven- 
teenth century Boyle’s contemporary, John Ray, ascribed to the 
term ‘‘species’’ a definite, if not a final, significance, and Syden- 
ham, seeking to establish by clinical observation distinct species of 
disease, succeeded in differentiating measles from smallpox, in 
defining chorea, in modifying the significance of the term 


? 


‘‘hysteria,’’ ete. Progress in science may involve lessening or in- 


creasing the extension of a familiar term, determining anew the 
distinction between familiar terms, and introducing new clearly 
defined terms. Pasteur’s studies in molecular asymmetry involved 
a reconsideration of the terms ‘‘tartrate’’ and ‘‘racemate’’ and a 
delimitation of the concepts which each of these terms expressed. 
An advantage is gained by substituting the unfamiliar ‘‘neuras- 
thenia’’ for the familiar ‘‘nervousness,’’ partly because the new 
term is unambiguous and partly because it is devoid of every popu- 
lar connotation. In fact, our scientific terminology has become 
so much a thing apart that one may overlook the relationship be- 
tween a common term like ‘‘weight’’ and a more technical term 
like ‘‘mass.’’ 

The researches of Schleiden and Schwann, which led up to the 
statement of the cell theory, were affected and, to some extent, 
vitiated by traditional conceptions concerning ‘‘cellular tissue’’ 
and the ‘‘cell.’’ Robert Hooke was the first to use the term ‘‘cell’’ 
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in describing organic structure. He had examined chareoa) 


and other vegetable tissues under the microscope and deserih, 
them in 1665 as ‘‘all perforated and porous, much like a hone 


, 


comb.’ 


He could discover no passages between the minute eayit;, 


or cells, though he took it for granted that the nutritive jnie 


4iCes T 


be seen in the cells of green vegetables had some means of egr 
Hooke’s observations were verified by his contemporaries. Gre: 
in deseribing the microscopic structure of plants, mentioned + 
infinite mass of ‘‘little cells or bladders’’ of which ecertaj) 

are composed, and Malpighi described the cuticle of the plant ates 
as consisting of ‘‘utricles’’ arranged horizontally. Caspar W, 
in his doctor’s thesis (Theoria Generationis, 1759) reported 
observation of cells and ‘‘little bubbles’’ which developed 
homogeneous layers of the embryo. In the works of Bichat. ; 


é 


founder of histology, the term ‘‘cellular tissue’’ was used, as 
deed it is to-day, to indicate a certain kind of connective tiss 
Treviranus and Link described the cells in vegetable tissues 
1804, the latter maintaining that they are closed vesicles ine 

of communicating with each other. Professor John H. Ger 
has recently pointed out, in the pages of The Scientific Monti 
the important part taken by Lamarck, Mirbel (the disciple 
Caspar Wolff), and others in the development of the concept 
of the ‘‘cell’’ and of ‘‘cellular tissue.’’ After the appearance of 
Moldenhawer’s Contributions to the Anatomy of Plants (1812 
which demonstrated that the cavities of vegetable cells are separated 
from each other by two walls, the attention of observers was 
verted from the cell contents to the cell wall. The consequent 
misconception of the nature of the cell was in part corrected by 
Robert Brown’s discovery of the cell nucleus and by the later « 
covery of protoplasm. It was before the full significance of th: 
cell contents was realized that the cell theory was conceived by 
Schleiden and Schwann. 

It is evident that advances in scientific thinking imply the us 
of clear concepts and clear terms. The term ‘‘neuron,’’ employed 
by the early Greeks in the sense of ‘‘thong’’ or ‘ 
plied by the anatomists of the fourth century B. C. to the tendon 
as well as to the nerve. A considerable treatise alone would suflice 


’ 


to trace its subsequent meanings and those of its derivatives anc 
at the same time to give an account of the investigations that from 
the time of Herophilus and Erasistratus have contributed to the 
elucidation of the concepts in question. The terms that represent 
to-day the so-called chemical elements have no doubt undergone 

similar series of transformations in meaning. Distillation, erystalli- 
zation, and other refining processes had to be brought into play 
before the concept—the spirit, the essence, the thing in itself 


could be realized. 


‘sinew,’’ was ap 
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“WHO’S WHO”? AMONG AMERICAN WOMEN 


By Professor STEPHEN S. VISHER and 
GERTRUDE HOVERSTOCK 


INDIANA UNIVERSITY, BLOOMINGTON 


( has made some stimulating statistical studies of the 


more eminent scientific men, including the distribution of 
their birthplaces and of their present residence. Some years ago 
a study of the distribution of the first ten thousand persons in 
“Who’s Who in America’’ appeared in this journal.? The conelu- 
sions drawn from these studies, while not to be seriously doubted, 
are so interesting that it appears worth while to test them 
by a similar study of a different group of notable people 
the 1,687 women included in the last edition of ‘‘Who’s Who in 
America’ (Vol. XI, 1920-21), especially the 1,582 women concern- 
ing whom biographical data are given. 

The distribution of the place of birth of 1,551 women who 
gave this information is indicated by districts in Table 1, as is 
also the ratio between eminent women and the general population 
of 1880. 

TABLE 1 


BIRTHPLACES OF WOMEN IN ‘‘WuHO’s WHO IN AMERICA’’ 
Number per 


100,000 at 
District Number Per cent. 1880 census 
New England iphone: ae 21.5 8.3 
SS 511 33.0 4.3 
East North Central.............. 347 22.4 3.1 
CE 6.2 0.5 
CC EEE 6.5 1.6 
Mountain and Pacific.................................. 49 2 2.8 
Foreign countries 2 


This table reveals the prominent share New England has had 
in the production of eminent women, and the small share which 
the southern and western halves of the nation have had. ‘‘Who’s 


1J. MeKeen Cattell: ‘‘Families of American Men of Science.’’ The 
Popular Science Monthly, May, 1915, and Tue ScientTiric MONTHLY, October, 
1917 (reprinted in ‘‘American Men of Science,’’ third edition, 1921). An 
earlier study based on the starred scientists in the first edition is reprinted 
in the second edition of ‘‘ American Men of Science,’’ 1910. 

*Seott Nearing: ‘‘The Geographical Distribution of American Genius,’’ 
The Popular Science Monthly, Vol. 85, pp. 189-199, 1914. 
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Who in America’’ is published in Chicago and is edited 
Ohioan. 
Of scarcely less interest than the variation among the dis: 
is the variation among the individual states in the num); 
famous women they have produced. Table two shows for » 
of the leading six states the number and proportion of emjnon 
women. 
TABLE 2 
Six Leapine STATES IN THE PRODUCTION OF EMINENT WoMeEn 
Per cent. Ratio per 
of total 100,000 of Number, 
eminent general popula- residing ip 
State Native women tion in 1880 the state 
New York Te 19.0 5.8 
Massachusetts ... 11.2 9.! 
RY, dihcalinisah chcaergionaniiidiag 7.6 
Pennsylvania . 7.4 
Illinois .... 5.8 
Indiana nalsliiadsitneddcaie 2.8 
Minnesota 2.8 


Table three gives the number of eminent women bor 
state and the number now living there. 


TABLE 3 
BIRTHPLACE AND RESIDENCE OF EMINENT WOMEN BY STATES 
State Native Resident 
Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland ......... 
Massachusett 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
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Nevada i‘ 
New Hampshire .. 
New Jersey -.. 

New Merxico............... 
New York. 

North Carolina 
North Dakota. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode Island... 
South Carolina ... 
South Dakota........... 
Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West Virginia 
Wisconsin 

Wyoming 2 . 0 
Countries outside U. S....... ; ‘ 112 


Not given ete 136 


Total .... 1.687 1,687 


This table indicates that Colorado, Wyoming and Arizona, 
having a population of 260,000 in 1880, produced no women who 
have been included in this issue of ‘‘Who’s Who in America.’’ 
Furthermore, Idaho, South Dakota, New Mexico and Oklahoma, 
having a total population of 451,000 in 1880, have each produced 
only one. Thus these seven states with a population in 1880 of 
712,000 are represented in ‘‘Who’s Who’”’ by only four women. 
On the other hand, New England, which had a searcely larger popu 
lation in 1880, contributed 333 eminent women. Similarly, the 
Southern States, with an 1880 population somewhat greater than 
that of New England and the Middle Atlantic States combined, 
produced only 99 famous women in contrast with 844 from these 
northern states. Not only were few eminent women born in the 
South about 1880, but still fewer now reside there, 63 vs. 99. The 
North Atlantic and New England States have attracted many no- 
table women with the result that 1,148 of the 1,687 women listed 
now live there. In other words, these states produced 54.5 per 
cent. of the eminent women, but now have 68 per cent. of the 
nation’s total. 

This great centralization of production of famous women and 
of their present distribution may be due to the following in- 





446 THE SCIENTIFIC MONTHLY 


fluences: The presence of more educational institutions 
northeast, and the greater emphasis placed on edueation 

Unquestionably there are sectional differences ide 
parts of the South, for example, an intellectually ambitious y 
is not in favor. 

The fact that men outnumber women in the West 
encourage early marriage in the West. Relatively sparse , 
tion and more recent occupation also tend to cause life ¢, 
somewhat more primitive plane, with less opportunity or j) 
for the type of achievement recognized by inclusior 
Who.’’ Western women who do not marry early are mo) 
than eastern women to have opportunity to become school + 
clerks or business women. 

Selective emigation certainly helps explain the distril 
the birthplaces of the eminent. As a rule, the highly 
type do not become frontiersmen. Pioneering ealls for 
vigor and daring rather than high education or unusua] 
gence. Furthermore, the highly intelligent type general! 
fair circumstances, and it usually is the poor who emigrat 
the well-to-do. Hence, for a number of reasons, there 
dency for the intellectual type of people not to emigrate 
it be as missionaries, but to remain where they can make th 
use of their ability and education. Thus many have remained 
the older states, or have moved into the older communit 
Middle West, rather than going to the Newer West. Co 
ly, few infants possessing unusual intellectual endowment 
born on the frontier or in the Newer West. 

The presence of nearly ten million negroes in the South 1 
the South’s contribution of eminent women in proportio! 
total population, for no negress is included in this volum 
**Who’s Who.’’ 

The climate of the North is more favorable for mental : 
than is the often rather enervating climate of the South. 
wise favors physical vigor and thus increases accomplis! 
Climate also doubtless has played a part in reducing the pr 
tion of eminent women in parts of the West. While the 
of the arid and semi-arid west may possibly favor int 
activity and physical vigor, it can not be disputed that 
quent droughts, unseasonable frosts, etc., have tended pow: ri 
to encourage the emigrating of the exceptionally alert and 
sourceful people. Such people tend to go into regions wher 
opportunities are less uncertain. | 

In addition to place of birth and residence, note was taken 
of occupation, education and state of marriage. It was found 


| + 
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53 per cent. of the last 950 women in ‘‘Who’s Who”’ are married. 


Many occupations are followed. Eighteen chief types were listed. 
The most important eight, with the number engaged in each, and 
the per cent. of the total are shown in Table 4. 
TABLE 4 
OCCUPATIONS OF WOMEN IN ‘‘WHO’s WHo IN AMERICA’? 
Occupations Number of women Per 
71 


Writers i 


Education ... 244 

Social workers .............. 27 

Artists . sie , 117 

Actresses . 63 

Singers a . — 46 

Editors 34 

Physicians . - , 28 
In addition to these eight, there are lawyers, politicians, religious 
workers, librarians, scientists, lecturers, explorers, musicians, busi- 
ness women and those interested in home economies. Thus there 
is a very wide range of activities. 

From Table 4 and other data a few conclusions appear war 
ranted. One is that women receive recognition for writing more 
readily than in most activities. Nearly one half of the 1,582 
women whose biographies are given are writers. On the other 
hand, comparatively few teachers have attained the fame of the 
type indicated by inclusion in ‘‘Who’s Who,’’ most of the ‘‘edu- 
eators’’ included being administrators such as deans and presi 
dents. Indeed, a considerable number of women are holding ad 
ministrative positions. 

The higher education of women was also noted, and it was 
found that 88 per cent. report training above the secondary school. 
Of the two groups attending college or college and university, 
exactly one half of the women report training in women’s colleges. 

TABLE 5 
Type of training Number of women Per cent. of wo 
College .. Las 440 27.9 
University .......... icevienan — 13.7 
CO Ee ‘ 466 29.5 
College and university... 205 13.0 
College and special... sis 39 2.4 
University and special......... 23 1.5 
None mentioned................. e 190 12.0 

This table indicates that few women who do not take advan- 
tage of existing opportunities for higher education (beyond the 
secondary or high school) now attain national fame. 
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GO TO THE BEE 


A CONTRIBUTION TO THE PERMANENCE OF ARISTOCRAC\ 


By Dr. DAVID STARR JORDAN 
STANFORD UNIVERSITY 
6 HE Leisure Classes, the Chief Support of the Nat 
adorn’’—such was the topie of a remarkable s 
livered not long ago to an audience of superior peop! 
Reverend Vicar of Girlington, England, whose actual 
not give lest my feeble words fail to interpret his loft) 
irom the press notices that came under my eye, it 


the adm!:ed and admirable viear finds his mission in th 


of British aristocracy through its complete restoration t 
of leisure. In his judgment the aristocrats or superi: 
serve society best by standing as examples of human perf 
This is the end they should seek, through utter sureeas 
worry, all effort and all personal hopes and desires. 

The vicar would indeed make of the upper classes ; 
of hereditary rulers, but of elect examplars of what hum 
become, a condition to be open to a chosen few to whom 
release from the sordid side of life. From such relief th 
body of the British people are of course excluded—not 
fault or deficiency of their own, but simply because ther 
leisure enough to go around. Thus for the chosen the mass n 
live; the many gather honey for the few to enjoy. But 
ness—and this I take it is the vital part of the vicar’s content 
all should have an equal chance in the beginning. 

A rationally organized society would then consist of two cl 
which for convenience the vicar might call the laborers 
leisurers. To the former belongs the capitalist as well as 
workman ; all indeed who work with hand or tongue or pen or bra 
labor alike. The leisurer alone enjoys that perfect serenity w! 
comes from fearing nothing, wanting nothing, hoping for not! 


True happiness rests on a division of duty. A natural cleavage lies 


Isao ns 


between those who create and those who enjoy, each cond 
having its own peculiar delight. Between the two yawns a ¢ 
gulf which society crosses only at its peril. 

The vicar’s discourse harks back to the words of Solomon, 


to the ant; consider her ways and be wise,’’ an injunction inciting 
a 


alike to modesty and to thrift, two virtues of which the ant is 


oreat 


“G0 


, 
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model. She knows her place and keeps it. Aspiration goes with 
aviation; having no wings, she never tries to fly. 

But in addressing the leisurer the vicar would modify his text: 
Go rather to the bee ; consider his ways and be wise.’’ Physically 
the bee resembles the ant, but his social system is organized on a 
more exalted basis. With him, the leisure class is unquestionably 
the chief support of the society it adorns. And now to make clear 
the viear’s appeal, I find it necessary to amplify the too meager 
report given in the Girlington Guardian, and without holding the 


speaker closely responsible, I may draw for the moment from the 


fascinating observations of the noted apiarist of Brussels, Maurice 
Maeterlinek. 

Two salient facts at once appear: first, bee society maintains 
ts own aristocracy ; second, its leisurers, having no hereditary claim 
for distinction, are chosen by lot and by no effort of their own. 
As the young bees are about to hatch, their faithful nurses construet 
a few cells of extra size and feed the occupants on a special food, 
the ‘‘royal jelly’’ of the apiarist. These selected individuals, the 
‘“‘queens,’’ then grow up in an atmosphere of leisure. To produce 
the harmonious and perfect bee for which the toiling workers exist 
is the culmination of the apiarian system. 

In carrying the analogy into human society, the essential point 
as I think the vicar would agree) is that among men as among bees, 
no injustice shall be done. Leisurer and laborer must both exist. 
but as both are of one lineage, each should have an equal chance for 
the great prize of existence. That ‘‘the rank is but the guinea’s 
stamp, the man’s the gold’’ is literally true. Royal jelly and a royal 
cell make the bee-aristocrat. The difference between queen and 
worker is purely one of bringing up; the two are of the same blood, 
the queen becomes regal without effort of her own. 

By like means human society may breed its aristocrats—so 
reads the lesson to be learned from the bee. The queen exists not 
for her own sake, nor by inherited right. Neither should a lord 
among men, his only true function being to round out the humanity 
of his fellows, show what man has it in him to be if brought up 
without work or worry, marred by no trace of struggle, no fear of 
defeat, by nothing which wrinkles the brow, makes callous the 

hands, nor hardens the heart! Lacking this perfect ideal, end and 
aim, humanity can never realize itself. 

Perfection, by the very nature of things, is denied the laborer. 
Yet how vital it is that perfection should exist! Plainly, however, 
only a few can be leisurers, though in life’s grand lottery all may 
start alike. The needs of the hour call for the ‘‘man with the hoe,’’ 
the woman at the washtub. Some must toil and spin that the 
human lily may be properly arrayed. Mark, too, the perfect rose, 


Vol. XV.—29. 
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*‘its own excuse for being,’’ yet dependent on stem and 
roots for very existence. Moreover, its glowing petals 
leaves transformed and perfected. Thus from the lil; 
one may draw the same lesson as from the bee and the 

In his implied criticism of the British aristocrae 
nowned Victorian era, the vicar proceeds with becomi 
It would seem indeed presumptuous in the holder of 
gift of a gentleman of the county, to say one word 
conditions as they are. The very essence of organize 
conservatism. 

Yet some one must turn his face towards the light 
student of history knows that the ‘‘Decline of Arist 
defined by one of its illustrious examples, Mr. Arthur P 


is now imminent. The only way of avoiding decadence is 1 
aristocracy on a democratic basis, as it were, to oper 

all, but at the same time keep the passage narrow so t! 
enter. ‘‘Strait is the gate, and narrow is the way”’ that 
to perfection. 

The Victorian system is open to ecavil on thre 
hereditary: it is open to invasion by wealth, it is us 
for achievement. 

As for heredity, one easily sees that mere aristrocrat 
does not guarantee a perfect leisurer. ‘‘Blue blood’’ 
thin, and in-and-in breeding plays havoe with the hun 
well as with dogs and horses. Furthermore, iiheritance s 
privilege, and the iconoclastic Georgian Age will have 
No youth is now willing to follow his father’s trade. T 


*f 


tailor no longer sits cross-legged on a bench if fate has t 
early in hand, the son of a non-conformist preacher bec 
minister—and one never knows where it is all going to st 
any healthy boy, caught young enough, is soon aligned 
customs and opinions of his entourage. Set among gent! 
ing is easier than to act like a gentleman! As a matt 

wise butler soon acquires a manner as lordly as that oi 
whom he often instructs in the higher etiquette. Frequent]; 
had longer experience, and has given to items of behav 
serious thought. A sympathetic moisture of the eye and 
lowering of the voice in delicate moments may come as nat 
him as to a bishop. Stephen Leacock of Montreal, a noted A 
tourist, gives an amusing account of his call upon an am! 
of the United Kingdom. At the end of a discussion concer! 
weather and the future of the Empire, he was still doubt! 
whether he had met the ambassador or his butler. To 
matter, therefore, he slipped a gold sovereign into the ham 
host. The coin was accepted, but in such a detached and 





GO TO THE BEE 45] 


manner that the visitor’s uncertainty was not dispelled by his 


maneuver. 
With a ‘‘young person,’’ the process of adaptation is even more 


rapid and sure. The charwoman’s daughter brought up as a lady 


vields to none in ladylike perfection. Napoleon even went so far 
- to propose that women should have no hereditary rank at all, 
but content themselves with the title of their consorts. Presumably 
his experience with the stalwart insistence of his otherwise plebeian 
sisters whom he had personally ennobled determined his attitude 
in that regard. But most of us are familiar with the career of the 
Honorable Lady Burnett, a woman of humble origin as her friends 
admit—onee a milkmaid or (according to traducers) a barmaid, 
who became through an exalted marriage ‘‘the arbitress of the 
elegances for all the region about her husband’s manor house.’’ 
From the Morning Post one learns that ‘‘she used, queen-like, to 
reign; nay, pour at tea in the newest and tightest of white gloves,”’ 
and with that undefinable je ne sais quoi which marks the true 
aristocrat ! 

An aristocracy has been defined as ‘‘a social superstructure 
reared on a foundation of bestness.’’ There is but one permanent 
basis for ‘‘bestness.’’ This is implied in the thousand year old 
motto of the aristocratic Winchester College, ‘‘Manners makyth 
man,’’ or in the modern vernacular, ‘‘ Handsome is as handsome 
loes.”’ 

The vicar, himself of humble birth but aristocratic connections, 
admits freely that it is too late in the day to lay stress on lineage. 
We all claim Adam as a forbear, and not one of us has ever had 
even a single ancestor weak enough to die in infancy. Leisurer 
or laborer, each has weathered the storm; in that sense, all are 
noble alike. Genealogists also affirm that we unmixed English 
people are all of Plantagenet stock, most of us through the first 
three Edwards, descended from William, Alfred and Charlemagne. 
Indeed, one eminent authority classes all Englishmen together as 
the ‘‘inbred descendants of Charlemagne,’’ and Charlemagne (as 
we know) was at the head of a League of Nations, being at once 
King of France, Emperor of Germany, and Overlord of Europe. 
Noble blood indeed is ours, but unfortunately so many share it that 
it can not serve as a test of aristocracy. 

Again, large numbers of our so-called nobility have arisen 
through long years of struggle directed toward that end. Social 
extrication is a form of hard work, and labor of whatever kind 
mars the soul as it wrinkles the brow. A furrowed face is of itself 
a badge of serfdom. A mind too alert, an ambition too urgent, 
tends to defeat the purpose of social adornment. To diffuse sweet 
hess and light is not an arduous occupation. Indeed to give 
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thought to it or to make it a result of definite effort is to fail 

the most important element. The leisurer who goes down ee 
the East End to mend the manners of the poor would do better 
to confine himself to awarding the conventional goose a 
bottle of ale at the happy season of Christmas. Those who 
have pursued this policy enjoy a devout gratitude height. 
ened by its rarity. If life for the laborer was all ale and - 
—or beer and skittles, as vulgarly paraphrased—no one woy 

know his place, and the barriers betwixt laborer and uel isurer go 
carefully built up in the long centuries of England’s w 
be completely broken down. 

Browning paints the ideal leisurer as a king who “‘lived long 
ago in the morning of the world’’ with a forehead ‘‘calm as a hab 
new born.’’ This is an enchanting ideal, but the further descrip 
tion (so familiar that I need not quote it here) does not fit the: 
lordships of to-day. No one would take it for a portrait of North 
cliffe, Carson, or Birkenhead, whose bustling activities keep + 
realm in turmoil. An aristocracy founded on labor of 
hand is not a class of leisurers. Like my Lord Bottlebrush 
the ‘‘Duchess of Draggletail’’ in Thackeray’s satire, however 
the circle in which they move, their manifest lack of noble 
only swells the confusion. 

Moreover, no genuine aristocracy can be founded sole! 
wealth. The ‘‘bounder-nobility’’—as an irreverent press 
them—are noble in their own eyes alone. In an exalted 
money should never be thought of, much less mentioned 
bee queen builds no cells and gathers no honey. No increment 
beebread or royal jelly is due to her own activities, or received by 
inheritance. Queen and environment are alike parts of one 
tem. So it should be with a true aristocracy. No quest of gold 
promotion of enterprise, no regret over the past, no worry for t 
future, no will to know, no call to govern, no mission to control, 1 
fear of loss, no hope of gain, ought to intrude to break the perfect 
peace. Kept in place by a reverent society, the Lord of Leisure need 
only pose as the glint of a sunbeam across the trail of the toil 
merely strew flowers along the pathway of life, in short be lik 


Roses in their bloom 
Casting their petals ever on the grass 
Over the way the Beautiful must pass. 


II 
To all this there is an intensely practical side. If aristocracy 
is to endure (and without it this would be a dreary world indeed) 
it must be constituted aright. It must reject the false bases 0! 
heredity, effort and wealth. It must not be the reward of dis 


~ 
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tinction, nor be attainable by any competitive examination. Its 
door should open to all on equal terms, even though straight the 
gate and narrow the way. The present House of Lords, now 
swollen to seven hundred members, including almost everybody 
able and willing to pay the price, will die of its own accord. Let 
it alone. Let the climbers of yesterday keep on climbing, while 
we remove the ladders behind them. Let the men who replenish 
the party treasuries receive in the name of our gracious King 
our sole true aristocrat—whatsoever honors their patriotism de- 
serves; but for the good of society let us build a new class in a 
new way. Should we fail in that endeavor the iconoclasts of the 
day will cast us all into the melting-pot from which no leisurer 
returns, an upshot the vicar would sadly deprecate. 

To select noblemen by primogeniture is a process comparable to 
choice by loaded dice; the cast is made before the heir is born. 
Nothing could be more undemocratic, nothing in reality more un 
fair to men and women of the race in general. Then let our lords 
be chosen by lot from among the people at large, let us pick a cer- 
tain number of babies to be our future leisurers, and feed them 
on royal jelly’ or the nearest parallel to that condiment our gracious 
King may secure. 

All expense involved should of course be carried by the people. 
In the United Kingdom are some 48,000,000 men and women. Let 
each pay alike; the assessment would then be so small that no one 
would even notice it. Let each contribute say a penny yearly for 
social infloreseence—for the perfected blossom of humanity. Such 
trifling levy would amount in the aggregate to £200,000 sterling, 
which, judiciously invested, would yield an assured annual income 
of £10,000, a sum quite adequate to provide for a leisurer through- 
out life. And the contribution by everybody of one shilling, a tax 
still absurdly small, would support twelve members of the new 
aristocracy each year. 

The necessary sum once collected, the infant chosen should be 
entirely healthy, and so attested by a Court physician accustomed 
to the needs of the leisure classes. It ought also to be a manchild, 
and its future mate, having no title in her own right, would be- 
come a ‘‘Lady’’ by courtesy, even as now the wife of the knighted 
grocer or jockey is recognized as ‘‘Lady’’ Jones or Atkins because 
her husband has been touched by the flat of the King’s 
sword and allowed to write ‘‘Sir’’ before his name. Only through 
an impartial selection may aristocracy and democracy be satis 


1 This expression is of course purely figurative, because no product of 
Cross and Blackwell serves our indicated purpose. It is with the general 
problem of perfected environment that we have to deal. 
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factorily reconciled; and only when begun before effor: 
bition or deterioration has set in ean the budding leisurer he 
quately trained by nurse and butler in the thoughts and may 
proper to a perfect lord. Otherwise, less lovely traits might hay 
become stiffened beyond remedy. | 

As his lordship grows up, the necessary allowance should eo 
to him in regular sums only. He should never forestall. 
hoard, never gamble, never speculate, never go into trade. yy 
run into debt, never have anything left over after Christmas! 
should support society as society has supported him: but 
he and the lady he may happily choose must remain throuch 
‘fon the hills as gods together, careless of mankind.’ 

True, as the noble Lord Tennyson once observed, ‘‘kind hy 
are more than coronets,’’ but there is nothing in the plan to 
possession of both at once. A coronet, moreover, may be ver 
coming as well as very welcome to My Lady. For our new-; 
lord will never marry for money nor as a rule where mone: 
all dowry acquired being turned over to the state; and what 
exquisite pleasure than that of a young maiden unexpectedly 
for the high distinction of a coronet! Let us also notice the amazing 
widening of the possible range of choice when no dowry nee 
sought. 

Doubtless a new title ought to be devised for the consummat 
flower of leisure. Lord, Duke, Earl, Knight—all these hark | 
to the discarded emblems of war, ‘‘the faded fancies of an elder 
world.’’ The vicar himself, I believe, was undecided, but the plar 
developed from hints given in his discourse should not 
just because a suitable name is not immediately forthcoming. 
hellenistic term, ‘‘Bianthine,’’ ‘‘flower of life,’’ would be appro- 
priate, but it seems rather long, used as we are to the abrupt Saxon 
‘‘Lord and Lady,’’ or the Norman ‘‘Sir.’’ ‘‘Flovite’’ (flos-vite 
might do; represented by the letters F. V. it would be a natural 
contrast to M. P., and a pleasing reminiscence of F. F. V., 
the designation of certain Elite of the United States of America. 
This again suggests that the word Elite itself, a good Norman ex- 
pression much valued by our Gallic allies, may be the term we are 
seeking. 

In any ease, the title selected should in some way indicate one 
chosen from among many, first among equals, the bloom of exist- 
ence, the triumph of aspiring democracy reaching the goal of per- 
fection amidst the leaven and the levelling of the commonry. And 
we hope that the admirable vicar may find ample support in his 
noble crusade to make the British peerage once more a counsel ot 


perfection. 


Tha 
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RIMITIVE man got his food as his competitors did—that is 
P to say, he picked it up or killed it where he could find it. 
Very early in his civilized career he ceased to be a hunter and 
oa of civilization 
and of agriculture were contemporaneous. Since that time the 
pressure of increasing populations demanding to be fed has been 
; prolific source of human strife. There are not lacking economists 
who would maintain that the recent catastrophic war in Europe 
was the direct result of an increasing demand for food on the part 

the rapidly multiplying German nation. LEast, in THE 
Scentiric MontuHuiy for December, 1921, points out that the agri- 
cultural resources of the United States can in all probability not 
support in reasonable comfort more than two hundred million 


people and that the present indications are that our population 
will reach that figure within the next century. Furthermore, we 
ean not count on importing food indefinitely, since by the time our 


own population reaches its limit, the now scantily peopled parts 
of the world will produce little or no food in excess of the needs 
of their own greatly augmented populations. His is but one of 
many voices warning us that there is a limit to the number of 
human beings whom the earth can support, and however we may 
disagree with the various estimates as to what the limit may be, 
we can not doubt that it exists, and that, historically speaking, 
we are rapidly approaching it. The purpose of this article is, 
however, not to consider this question in detail, but merely to 
point out one source of food of which the possibilities are still 
largely unrealized. 

If we were to-day still depending upon the chase as the main 
source of our food, most of us would be dead, or, rather, we should 
never have been born. Yet so far as the oceans, which cover three 
fourths of the surface of the earth, are concerned, we have made 
little essential advance over the methods of the primitive fisher- 
men. The flocks and herds of the sea still roam freely in their 
native haunts, and we cast our lines and nets over their feeding 
grounds, and catch what we can. Our operations are on a larger 
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scale, it is true, than those of our predecessors, our tackle jx < 
perior, our nets larger and stronger, and, by equipping our fishin. 


vessels with steam or gasoline power, we have enlarged the area 
ean cover. Once the fish are landed, we have an elaborate sys, 
of distribution and marketing, so that cities a thousa 
inland can have fish a day out of the ocean shipped to the 
fast refrigerated cars. There is also a little direct utilizat 
the plants of the sea. In certain parts of the world, not 
China and Japan, and to a less extent in Europe, a few 
alge are eaten by man or his domestic animals, or gathered ; 
utilized in some minor industry. But so far as the actual eult; 
tion of the sea’s resources as distinguished from their me: 
ploitation is concerned, we have made only the feeblest begiy 
The reasons for this are, of course, the uncontrollability of t 
as compared with the land; its instability; the vastness 
oceans and the relative inaccessibility of much of their are 
especially the difficulty of attempting to control living o: 

in the sea, out of man’s natural element, as they may b 

on the land where he is at home. Yet if the demand bee 
sistent enough we can not doubt that methods will be d 
which will give us the desired results. To question that 
be to admit that man has neared the culmination of his evolut 
career and is preparing to bequeath the mastery of the eart 
his successor, whoever that may be. 

The bulk of the food supply which we have come to expect t 
ocean to furnish us is animal. Animals that live in the s 
however, no less dependent upon plant life for their food t! 
land animals. We all know that the beef we eat is built uy 
the grass and grain upon which the cattle have. fed; a: 
there are many animals that feed upon other animals only, so 
or later the cycle goes back to the green plants. This is b 
the green coloring matter contained in plants is the only substa: 
known that can so combine carbon and water as to fom 
earbohydrates that are the fundamental materials of wh 
living beings, whether plants or animals, are constructed. 
plants living in the sea are then the equivalents, so far as the lif 
of the sea is concerned, of the land plants. Like land plant 


} 
| 


they not only need carbon and water, but certain mineral sal 
Of these, those that furnish them with nitrogen and phosphorus 
are most important, since they are most apt to be present 1 
sufficient quantity and thus to be limiting factors. The plants 
the sea are continually using these substances and are continual!) 
dying or being eaten by animals. Sooner or later there comes 
time when by the death and decay of the plant or animal most 
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these materials are returned to solution. Part, however, have been 


transformed into insoluble compounds and are lying inert in the 
depths of the ocean. Thus there is a constant loss of nutrient 
salts. This loss is replaced by drainage from the land, the great 
rivers carrying constantly into the ocean an almost incredible 
amount of dissolved minerals in addition to suspended matter. 

Another important requirement of plants is light. Plants on 
land receive the full benefit of the sun’s rays as we know them. 
Plants living under water receive only a portion of the rays that 
reach the land. Part of the light that strikes the water is reflected, 
and the part that penetrates the water is gradually absorbed in 
passing through that medium, the red and yellow rays first, the 
blue and violet last. This differential absorption is reflected in 
the curious and well-known vertical distribution of marine alge 
according to color—the green kinds growing in shallow water, the 
browns in an intermediate zone and the reds in the deepest water, 
although there are, of course, numerous exceptions to this general 
rule of distribution. Another property of light is that it is re 
fracted by water, and the greater the angle at which the rays strike 
the water the greater will be the refraction. In the tropics, where 
the rays are practically vertical, the amount of refraction is in- 
significant, but in high latitudes, where the rays strike the water at 
a sharp angle, the refraction is marked, as a result of which the 
rays are bent into a more nearly vertical direction, thus increas- 
ing their penetration in depth and partly compensating for the 
unfavorable angle at which they strike the water. The penetra- 
tion is also markedly affected by the amount of suspended matter 
and the number of microorganisms present in the water. Helland- 
Hansen was able to show that in the Atlantic Ocean south of the 
Azores, on a bright summer’s day, light is abundant at a depth of 
100 meters, still including at that depth a few red rays. At 500 
meters the red rays have completely disappeared, but blue and 
ultra-violet rays are still plentiful, and may be detected at 1,000 
meters, but have completely disappeared at 1,700 meters. It is 
not probable, however, that under the most favorable conditions 
photosynthesis may be carried on at depths greater than 200 
meters. 

Temperature is less directly important in the sea than on land 
since there is no great danger of injurious extremes being reached. 
Indirectly, its importance lies in the fact that carbondioxide is 
much more soluble in cold water than in warm, (Fig. 1) and it 
is probably this, rather than the direct influence of temperature 
which accounts for the fact that the most luxuriant development 
of plant life is in the colder waters of the earth. 
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On the basis of habitat, marine plants may be divid 
great groups. On all coasts, and in shallow waters nea: 
there is usually a conspicuous zone of ‘‘seaweed.’’ T! 
as the benthos, from a Greek word denoting botton 
occurs attached to the bottom on the shelf of shallow 
rounding the coasts. The plants of the benthos are 
varied and range in size from microscopic to very larg 
kelps of the northern Pacific sometimes reaching a lengt 
four hundred feet. We are accustomed to think of t! 
as algew, and most of them belong to one or another of 
algal groups, but the most important of all the plants of th: 
is not an alga but a flowering plant, belonging to the 
family, and not very distantly related to the grass family 
is the most important economic family of land plants. 
Zostera marina, the common eel-grass. Zostera marin 
of its near relatives occurs on almost all the ocean shores 
globe, being absent only in the extremely hot and extrer 
portions. It grows in water varying from a little over 
in depth at low tide, to depths of fifteen or twenty meter 
tain clear Mediterranean waters; and in waters varying 
from that of the sea water of the open ocean to that of brack 
bays and estuaries of less than half full salinity. It prefers n 
but will grow nearly as well in sand. It will not grow, how 
where the bottom is composed of loose stones nor where the v 
action is severe, and these localities are inhabited by t! 
alge. The windrows of dead ‘‘seaweed’’ commonly found cast uy 
on our Atlantic shores are very largely composed of Zostera 
few other flowering plants occur in salt or brackish water 
they are relatively unimportant. 
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The alge of the benthos occur, as previously stated, in three 
-ather indefinitely limited zones. In the quiet waters of shallow 


vs we find a great many green and blue-green alge. Such forms 


ba 
.s Ulva lactuca and Enteromorpha intestinalis, both often called 


sea lettuce, are typically found in such situations. The branching, 
feathery masses of Cladophora and the thick green felt of 
Veucheria are also often prominent. The blue-green alge are en- 
tirely microscopic, but often occur in great abundance. A species 
if Lyngbya frequently forms felted mats two or three inches thick 
and many feet across. Masses of Spirulina as large as a dinner 
nlate are common. The plants which grow between tide levels 
or just below low tide, at places where there is considerable wave 
action, belong mostly to the brown alge. Various rockweeds, 
belonging to such genera as Fucus and Ascophyllum, are common 
in northern waters, and the gulfweed, Sargassum, is typical of the 
forms growing in the warmer waters. Below low tide level the 
great kelps—the Laminarias and their allies—are the largest 
plants of the ocean, the larger species occurring, however, only 
in the cooler waters. The alge of the deeper waters are mainly 
the reds, and the farther south we go the greater becomes the 
preponderance of the red alge. It must be remembered, however, 
that red, brown, green and blue-green algx are more or less inter- 
mingled at all depths and in all latitudes. All the plants we have 
heen considering are alike, however, in that they oceur only near 
the shores, except in cases where they have been torn loose from 
their fastenings and carried by currents into the open sea. The 
Sargasso Sea of the Atlantic Ocean is merely an area outside of 
the track of the great oceanic currents and therefore constituting 
a huge eddy in which such material accumulates, growing vegeta- 
tively to a certain extent and finally dying and sinking. 

If the only marine plants were in the benthos, in spite of the 
local luxuriance of its growth, the great mass of the ocean would 
be a desert, incapable of supporting anything like the amount of 
life which actually exists in it. There is, however, another great 
group of living organisms, the plankton. The plankton comprises 
those plants and animals that are neither attached to the bottom 
nor able to swim against a current, but normally live floating in 
the water and carried by it from place to place. Some of the 
animals of the plankton are of rather large size—such, for example, 
as the Portuguese man o’war and some of the larger jellyfish. 
Most of them, and all the plants, are microscopic. The plants, in 
fact, are all unicellular, although the cells are often united into 
filaments or colonies of various shapes. Two groups of plankton 
organisms are of special importance : the diatoms and the peridines. 
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The diatoms are unicellular plants occurring in all waters 
especially abundant in the colder parts of the ocean, groy 


\ 


enormous numbers in the Arctic and Antarctic regions and reg 
ing in temperate waters their maximum development in the « 
months of the year. They are unicellular organisms, enelose, 
two silicious shells, one fitting over the other much as the |] 
the bottom of a pill box. In shape they are extremely varied 
the shells are usually marked with intricate patterns and oft, 
decorated with spines and knobs. 

The peridines constitute a curious group of unicellular , 
isms intermediate between plants and animals. Some of ther 
holophytie or plantlike in their method of nutrition, othe 
saprophytic, absorbing dead organic material dissolved jy 
water, some are parasitic in the body cavity of small animals, s 
as copepods; a large number are holozoic, capturing and ingest 
their food just as animals do. The peridines very largely re; 
the diatoms in the tropical seas, and in temperate waters atta 
their maximum numbers in the warmer months when the diaton 
are ata minimum. This seasonal distribution is very possibly 
related with the diminution of the carbon dioxide content of ¢! 
warmer waters. The peridines may be naked, or provided with a 
simple or elaborate armor of cellulose, the same material as that 
of which plant cell walls are composed. Whether armored 
they are always provided with two flagella, one, hair-lik 
trails behind them, the other a ribbon-like undulating structure 
typically encircling the body in a special groove provided f 
and giving to the organism a rotatory motion. 

In spite of their minute size it may fairly be said that the 
toms and the holophytie peridines are to the ocean what the 
grasses are to the land. What they lack in size is more than con 
pensated for by their extreme abundance and rapidity of reprodu 
tion. Under favorable conditions hundreds of thousands of t! 
may exist in a liter, so that the water is distinctly colored and 
almost soupy to the touch. 

A third group of important plankton organisms, entirely | 
phytic in their nutrition, is known as the Coccolithophorida 
These are brown-pigmented forms secreting very regular calcareous 
shells and occurring in the warmer parts of the open ocean. Most 
of them are extremely minute and while they are known to 0¢ 
in extremely great abundance at times, because of their small s 
little is definitely known about their distribution or relative 
portance. 

In addition to these groups of organisms, the zoospores and 
gametes of alge are liberated in enormous number at certain sea- 
sons of the year, and add their contribution to the food supply of 
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the plankton, while there are numerous brown and green flagel- 
lates belonging to other than the three groups mentioned. 

The phytoplankton exists everywhere at the surface of the ocean 
and for a considerable depth below the surface. Certainly it is 
fairly abundant as far down as a hundred fathoms in those parts 


of the ocean where the light approaches the vertical. It is, however, 


much more abundant near land than in mid-ocean, mainly because 


the organisms near land are in more immediate contact with the 
nutrient materials washed from the land into the sea, and tend to 
exhaust the supply before these materials reach the open ocean. 
The ratio between the number of plankton organisms near land as 
compared with the number in the open seas has been given as fifty 
to one, but this estimate, for reasons which will be apparent later, 
is probably much too high. 

It is not enough to know life in the ocean qualitatively. It was 
long ago realized that it must be analyzed quantitatively. The 
earliest quantitative studies were those of Hensen, beginning about 
1880, and modern work on the problem may be said to begin with 
him. He devised the forerunner of the present-day plankton net 
and attempted to account for the production of the sea by his col- 
lections. His nets missed all the smaller organisms and failed to 
secure many of the larger ones. Hensen realized this and at- 
tempted to allow for it in his calculations but his results were nec- 
essarily very imperfect. He succeeded in imparting new impetus 
to such studies, however, and deserves the credit due to a pioneer 
worker in a difficult field. The amount of food required by the 
animals of the sea is so much in excess of the amount shown to be 
produced by these early methods that Piitter (1907-1909) argued 
that the nutrition of marine animals was on an entirely different 
plane from that of land animals, and that a large number of them, 
especially the smaller ones, absorbed dissolved organic matter di- 
rectly from the water without the mediation of plants. Piitter’s 
arguments have not been generally accepted and more recent 
studies have invalidated many of them. Nevertheless, it is pos- 
sible that something of this sort is more general than we realize. 
Mitchell has recently (1917) reported on experiments strongly in- 
dieating, although perhaps not proving, that so highly organized 
an animal as an oyster can utilize dextrose dissolved in sea water, 
transforming it into glycogen and storing it. 

In 1911 Lohmann showed that many of the organisms that pass 
through the plankton net may be secured and studied by the use 
of a centrifuge. This, again, marked a great advance. He showed 
that these smaller organisms, for which he proposed the convenient 
term “‘nannoplankton,’’ existed in enormous numbers in parts 
of the sea which the net collections seemed to show were barren, 
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and found that certain animals—Appendicularia e. g. 
efficient collectors of these minute forms, sometimes 
them almost exclusively. Gran reports a similar experie) 
Straits of Gibraltar. Net collections showed very little p| 
the water, but the stomachs of Salpae when examined we, 
to be crammed with forms too small to be retained by 
Even centrifuging fails to get many of these forms si) 
often lighter than water or as light, or are so delice 


operation destroys them. Allen has devised a dilutio: 


method similar in principle to those used in making 
counts. He adds to a quantity of filtered sea water a few 

a nutrient solution, sterilizes it, and adds to it a know 

of the sea water to be investigated—say, one cubic 
After thorough shaking, this is poured into about a hundr 
flasks and put in a north light for a few days. The flasks are ¢ 
examined and the organisms that have developed in then 
fied, and the number of different kinds that are found 

are recorded. A given species is recorded only on 

flask and since at least one individual of the species must 
introduced to permit such development, the count is st 

By actual experience this gave results of 464 organisms 
centimeter or 464,000 to a liter. Bacteria were disrega 
centrifugal method applied to the same water gave 
14,450 to a liter. Allowing for duplication in some of 
and for the failure of many forms to develop under 
conditions Allen concludes that a count of 1,000,000 or: 

liter would be conservative. That is, one organism to 
millimeter. Assuming an average size equivalent to a sp! 
a \ a diameter of five microns 
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ovster beds, finding out just how many of these organisms 
occurred to the liter. They then carefully calculated the 
volume of each organism and by multiplying the volume by the 
number of times a given organism occurred in a unit volume of 
water and adding the totals, the ‘‘food value’’ was secured. This 
method gave much valuable information, but the results can not 
he regarded as final for several reasons. For one thing, organisms 
liffering so widely as diatoms and peridines are not comparable 
n the basis of thei ir volumes, as has been pointed out by Brat at 
d Juday. Again, in a locality where oysters are not naturally 
crowing, their introduction often materially increases the supply 
¢ food, since their shells form substrata and their excreta help in 
uurishment of numerous food organisms. Finally, they took 
, account of the food value of the nannoplankton nor of the 
detritus, which may be very considerable. 
The most elaborate attempts to calculate the production of the 
sea have been those of the Danish biologist Peterse and 
ciates. As a result of their studies, these workers have come to 
the conclusion that the plankton plays a very small part in the 
nutrition of the animals of the sea and that the fundamental food 
f all marine forms in northern waters at any rate is the ‘‘dust 
fine detritus’’ of the sea bottom, derived primarily from the ee! 


grass, Zostera. As an indication of the degree of progress which 
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these workers have made, the preliminary conclusions in the }j: 
in the Kattegat may be cited. The Kattegat is the rather shal) 
hody of water between eastern Denmark and Sweden, having 
extreme length of 150 miles and an extreme breadth of aboyt 6 
miles. It is assumed that about half of the total amount 
Zostera annually produced in this area is washed elsewhere by ; 
currents. The balance, estimated at 24,000,000 tons, serves ha t 
basis for the animal life of the area. (See chart, Fig. 3.) Tp, 
useless animals, that is, those that are of no value to man and 
not serve as food for fish, feeding directly on the Zostera, amoyp: 
to about 5,000,000 tons. Useful animals, mainly those capable 
serving as food for fish, are estimated at 1,000,000 tons. Thes, 
are not all utilized by food fish, however. Starfish account for per 
haps 200,000 tons; 500,000 tons are eaten by the larger gast, 
pods and crustaceans, of which only a part are consumed by fis} 
while plaice and other flatfish consume about 50,000 tons, produe 
5,000 tons of human food annually. Cod are mueh less econom 
since they get their food at third hand, so to say, and each t 
the 6,000 tons produced annually represents about one hw 
times as much of the original synthesized organic food. On t! 
other hand, the cod help to keep down the predatory gasteropods 
and crustaceans. The herring is the most important food fis! 
feeding on the plankton, (mainly on copepods) and it in turn 
eaten by the cod. Perhaps the most striking feature brought 
by these figures is the comparatively trifling amount of huma: 
finally produced from such a large amount of organic material 
Se_much, then; for the life naturally existing in the 
How may our utilization of it be more intelligently directed 
viously thé most economical use of it as food would be for mai 
his domestic animals to eat it directly. So far as the use of algs 
as food for human beings is concerned, we cannot expect, for 1 
present at least, any considerable increase over the insignifica 
amount now consumed in the United States: In some countries 
alge have been used as food for stock for centuries, and re 
experiments have indicated that cheap and effective treatments 
may make possible a substantial increase in such use. It has r 
cently been shown that the kelps exhibit wide variation in thei 
carbohydrate as well as in their iodine content during the growi 
season and future utilization, ‘to’ be ‘profitable, must take sue! 
fluctuations into account so that the plants may be harvested : 
the proper season. We would not think of doing anything els 
the case of a land plant. And it may be mentioned in pass 
that the old method of burning kelps for potash and iodine cor 
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regarded as anything but a wasteful process even whet 


conditions permit it to compete with other sources of 
uets, as during the world war. Recent experiments 
ave suggested that dry distillation will \ ield. not only the 


’ 


rodue 8 


| iodine formerly sought, but numerous other 
» illuminating gas, acetic acid, methyl! alcohol, formie acid 

ind creosote. 

_ however, man prefers to harvest the plant life of the sea 
tly, those animals which feed directly on the pla ts are abk 
ase with less waste and at a more rapid rate, 


COnS dered 


jpulations, than those which feed on other animals. Most 
food fish, for example, feed on smaller fish: these in tum 


upon small crustaceans and the latter eat the microscopic 
nts and detritus, so that in many instances the fish we eat are 
moved three or four steps, perhaps more, from the original food 
ee. This is more significant than may seem apparent at first 
since it involves an enormous waste. Before any organism 
crow, the energy needed merely to live must be supplied, and 
the time a crustacean is eaten by a minnow, or a minnow by a 
d fish, it will, on the average, have consumed a quantity of food 
eral times its own weight. These facts are well brought out in 
diagram and statistics of Petersen, previously quoted. The 
lible shellfish, however—oysters, clams, mussels and the like 
d for the most part directly on the marine plants and this is 
reason why the extension of the shell fisheries represents so 
en promise. 
The carp is one of the few edible fish which lives directly on 
getable food. In the United States most people do not, it is 
ue, regard this species as particularly edible but since it is largel) 
in Europe and raised for the purpose, it will serve as ai 
xcellent example of what such a fish may produce. The statistics 
n this fresh water fish are particularly valuable because they ar 
ot subjeet to the sources of error which hamper attempts to meas 
ire the productivity of the sea. The amount of fish produced it 
carp ponds has been calculated as ninety five pounds on the average 
each year per acre. Brandt caleulated the productivity of Kiel 
Harbor as eighty-nine pounds per acre annually, but the latte: 
igures are much less exact. The average yield of beef on good 
land in the United Kingdom is seventy-three pounds per acre an 
nually. The beef is much superior in food value, pound for pound, 
but it is also much more costly to produce. There are many inlets 
of the sea where conditions are almost as readily controllable as 
they are in the fresh water ponds. Such, for example, are the 
shallow enelosed sounds on the Atlantic coast of the United States 


X\ 30 
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Great South Bay in Long Island, Barnegat Bay 


Albemarle and Pamlico Sounds in North Carolin; 
Chesapeake Bay. These enclosed areas are at presi 
great deal of human food, but only a small part of 
produce under proper management. On a larger 
and North Seas of Europe are similar regions wh, 
culture, at least an intelligent harvesting of the s 
yearly becoming more possible because of the caret 
have been made by the English, German and. Sean 
gists, whose countries are chiefly interested in the n 

Before we can expect to make substantial ad) 
have a much more comprehensive knowledge of th 
sea than we have at present. For example, we may elas 
of the sea roughly into those which are valuable to 1 
which are not, but when it comes to determining to 
classes any particular species belongs, difficulties 
ference which direet and indirect utilization of fo 
already been pointed out. Some useful species 
food at second or third hand, that is, by eating oth 
largely on forms that would not otherwise be convert 
food; some, on the other hand, eat species that ar 
food. Thus, drumfish are good human food, but they 
consume large numbers of oysters which are still mo 
man than they are. Starfish, which are utterly useless 
attack oysters, but this case offers no perplexities. A 
number of animals are useless in the sense that they o« 
and consume food which might otherwise be utiliz 
species. The snails, sponges, sea anemones and son 
sels of our northern waters belong to this group. 
the case of most marine animals only a complete account 
histories, together with the life histories of their assoc 
is sufficient to enable us to know whether they are, in 
valuable or harmful from the human standpoint a: 
would be wise for us to attempt to overturn the bala 
find them maintaining in nature. 

Another phase demanding careful study is the eff 
marine life of the waste materials which are consta 
poured into our waters, especially in the vieinity of ou 
So far as industrial wastes and oil are concerned, t! 
wholly bad, and the questions at issue are: How much 
charge is necessary? How ean the pollution best be 
the necessary minimum? The sewage problem is mo! 
The addition of large amounts of rich nitrogenous ferti! 


, _ J aon 4 
rial to our waters could be made a great source of wea 
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utilized, and even under our present hit or miss methods 


; in a marked enrichening of the marine flora favored 
On the other hand, the danger of disease transmission 


ll recognized and is illustrated by so many striking exam 
it large areas of sewage-polluted waters are eliminated as 
of food in whole or in part. How to utilize this valuable 
thout endangering public health or spoiling the recreational 


as well as the food value of our coastal waters is one of the 


‘al problems of our day. 


Finally, it may be reiterated that shellfish culture off 


mmediate hope for effective utilization of the 


OS 


The economy of direct utilization of plant foo 


“COS, 


mals has been emphasized. Most shellfish, like land 


vhere they are planted. Even the seallop, which can 
ery a fashion, is restricted in its movements and « 
controlled. Oyster culture is already a great and 


ndustry but it has not nearly approached its possibilit 
ture is still in an embryonie stage and seallop cu 


“ULI 
| 


et merely been suggested. When some of the problems 


iTunrse 


¢ the establishment of these industries have been sol 


hope to have acquired additional information concernim 


re 


logy of the sea which will help us in our approach to the mor 


ecolog 
lifficult preblems of the future. 

It is recognized that there are numerous economic phases 
olved in attempts to increase the productivity of the sea, but co 
sideration of these would be beyond the scope of this paper. Wher 


, ] } 
food at reasonable 


social and economie forees demand additional 
a ow th ~ 


prices, the biologists must be prepared to show where a 


may best be obtained. 
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OUR GREAT ROVERS OF THE HIGH SEAS— 
THE ALBATROSS 
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I going over the literature devoted to ornitholog 


but a small part of it refers to the birds known as Albatrosses 






Alexander Wilson, the famous American ornithologist, never o 
mentions any of them in his work; and Audubon. who had sp] 
did opportunities to study them in nature as well as in museums 






and private collections, touched upon those he had ( 
studied skins of, in the lightest possible manner. In volume VIII 


of his work in my library, I note that he devotes but a sir 







graph to the description of the genus (Diomedea). Apart from 
the description of characters, he gives but three and a half lines to 
the Yellow-nosed Albatross: a few lines more to ft] Black-foot: 


Albatross, and four lines and a half to the Dusky Al 






Dat 





last-named being the only one he figures. He was indebted to a 





the latter hay 





“Mr. Townsend’’ for skins of all these species 





collected them ‘‘not far from the mouth of the Columbia Rin 
As to the Blaek-footed Albatross, Audubon says: ‘‘It is clearly 
distinct from the other two deseribed in his work, namely, thi 
Dusky and the Yellow-nosed; but I have received no informat 
respecting its habits. Not finding any of the meagre notices 01 







deseriptions to which I can refer to agree with this bird, 


taken the liberty of giving it a name, being well assured that 
] 
t 





should it prove to have been described, some person will kindly 
correct the mistake.’’ He named it Diomedea nigripes, the Black 
footed Albatross, and it is the name we have for the species to-day. 
In the last A. O. U. ‘‘Cheek-List’’ (1910), in addition to the 
bird just mentioned, we recognize four other species as belonging 
to the North American avifauna, namely, the Short-tailed Albatross 
D. albatrus) ; the Laysan Albatross of Rothschild (D. mmuta 
bilis), and the Yellow-nosed and the Sooty Albatrosses (7. cu/mi 
natus and P. palpetrata). These are all Pacifie Ocean birds, 
though the Yellow-nosed species is said to have ‘‘accidentally 
occurred in the Gulf of St. Lawrence.’’ 
Personally, I do not recall ever having seen an Albatross in 
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nature; only a few of our ornithologists have, and 
neither Wilson nor Audubon fared any better. Ho 
carefully examined quite a number of them in the 
the United States National Museum; and not long ae 
W. Richmond, Assistant Curator of the Division of BR 
institution, kindly loaned me the head of a specime 
Albatross. It had no artificial eyes, and apparently 
head and nothing more—not even bearing any lab 
This head I photographed on side view, reducing it abo 
furnishing the print with an eye. That print is he 
as an illustration to my article. 

Audubon’s description of the beak of this species is 
as to be of but little value. 

The plumage of the head—a rich snuff-brow) Ss 
posed of fine feathers, and there is a narrow white st 
feathers surrounding the posterior half of the 
side of the head. The beak is vlossy black and forn 
in the eut. 

There is in existence a wonderful literature on 
especially when we consider how few species there 
tively speaking. The old figures of them in the works ar 
erude; while, upon the other hand, some fine photograp 
duetions in different works are wonderfully fine and of 
Among these are the remarkable photographs obtained b 
Sir Walter Rothschild of the immense numbers of 
Albatrosses, nesting on the island of that name; ot 
practice of carting away the eggs of that species, 
same place, and many others. Then Mr. Dudley Le So 
of the Melbourne Zoological Garden, has furnished us 
photograph of the White-capped Albatross on its egg 
according to Professor Moseley, is held in a sort of 
found between the legs of the bird. 

Some species of these birds have a ‘‘tip to tip?’ n 
of the wings of no less than eleven feet and a few inches 
well-known fact that in the southern seas, where sailors | 
overboard, they have been attacked in the water by 0 
of these giants of the feathered race, and a poem on 
of this sort would quite offset the experience of the ancie 


who shot the albatross, which furnished Coleridge with 


— 


rial for his famous verses. 

The marvelous flight of one of these birds has bee 
ically deseribed by Mr. Froude, who tells us that **the 
wheels in circles round and round, and forever round t! 


now far behind, now sweeping past in a long, rapid cu! 


perfect skater on an untouched field of ice. There is 
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‘losely as you will, you rarely or never see 
vy pinion. The flight is generally near the 
You lose sight of the bird as he disapy: 


tween the waves, and catch him 


availl as he 


but how he rises and whence comes t 


the propell 


ve inexplicable : he alters merely the angle at 


inclined; usually they are parallel to 


tal: but when he turns to ascend or makes ; 


the wings then point at an angle, one to 


the water.’’ 


jird of this group usually referred to in | 


Wandering Albatross dD. ( rulans . and t 


of it have been collected having an alar extent of 

eet. It is a bird with extraordinary power of 
Hutton has well deseribed the remarkabl 

s possess In that direction. ‘‘Suddenly he sees 

ng in the water,’’ says this authority, ‘‘and prepares 1 

t how changed he now is from the noble bird but mn 
iil grace and symmetry! He raises his wings, h 
and his back roes in: down drop two enormous 

iidled out to their fullest extent: and with a hoarse 
een the ery of a raven and that of a sheep, he falls 

ater. Here he is at home again, breasting the 


K. Presently he stretches out his neck, and with 


his wings runs along the top of the water for seve) 


ds, until, at last, having got sufficient impetus, he 

gs, and is once more fairly launched in the air.”’ 

Another distinguished British writer on this subject 
‘ley, in deseribing their mating habits informs us that 
albatross makes love, he stands by the female on the nest 

s wings, spreads his tail and elevates it, throws up his he 

- bill in the air, or stretches it straight out forwards as far 
and then utters a curious cry... . Whilst uttering the 
bird sways his neck up and down. The female responds 

similar note, and they bring the tips of their bills loving! 


ether This sort of thing goes on for half an hour or so 


There is vreat danger of the entire genus of Albatrosses be 
ming entirely extinct in the comparatively near future, and for 
several very good reasons. In the first place, many are shot and 
killed by passengers and others from the decks of vessels of all 


leseriptions sailing on the high seas. This practice claims its 


quota every vear, and no use is ever made of the poor birds thus 


ruthlessly slain. Again, many are caught with hook and line, but 
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these are usually released after being hauled aby 
an exhibition of their walking powers on the deck 
Another practice leading to their extinetion—out) 
others—is seen in the wholesale collection of thei) 
markets of the western coasts of the Americas. Th 
be gathered, and still may be, on their breeding 
particularly on the Island of Laysan, by the eartloa 
left for the perpetuation of the species. At least 
looked out for in the early days of this most repre 
Whether it is still gomg on I am unable to say; but 
steps ought to be taken to bring it to an end. 

In our bird fauna, the nearest relatives of the A 
the Fulmars, the Petrels and Shearwater. All these s; 


the peculiar anatomy of the external nostrils—being 


] 


the vernacular as the Tube-nosed Swimmers, wl 


science the name Tubinares stands for the group. 
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\TIVITY AND THE ECLIPSE 


\ 


September 21 the theory ot 


ty was put to the proof. After 

ilts of the photographs then 
have been measured we may 
ns know whether Einstein is to 
ked with Copernicus and New 

nong those who have 1 
| man’s conception of the uni 
or whether he will be regarded 

is the author of an ingenious 

itical theory of limited appli 
to reality. 

last three years the theory 

vity has been the topic of 

liscussion extending far beyond 

circle, for the publi 

some interesting issuc 

somehow involved in its incom 

isible mathematics. More than 

housand books and uncountabk 

s have been published on Ein 

ill sorts, pro and con, physical 
metaphysical, experimental and 
lative, serious and frivolous 

es have been offered for explana 

ordinary language. Personal, 

il, religious and racial pas 

ns and prejudices have been 

roused. Einstein was the first Ger 

scientist to be welcomed sine: 

war, in England, France and the 

United States, but in his own country 

is to go into hiding to eseap 
issassination by the junkers. 

It is a remarkable example of how 
the progress of science may continue 
n spite of political conflict that 
luring the world war Einstein should 
have sat quietly in his study in Ber 

thinking out his theory and that 
luring the world war English astron 
omers should have been quietly study 
ing his work and preparing to put it 


pletely 
moon's 
So the 
Professor 
eclipse ex 
where 
one to 
the othe 
When 
measure up 
found that the 
ened sun were displa 
tion and close to 
dicted by Einstein. 
This was good 
stein’s favor, but 


cautious creatures and 
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des 


tartl re 


to iccept so 8 ling 


his without further con spac 


The weather was very fore 
Africa, and the only good ind 
obtained at Lhe south 


tation was one taken wit! 


lens and showing s¢ 


d the sun. 
has been no ot! 
servable till this 
so good a on 


ght stars near the 


visible to the naked ey 


close enough t the sur 


displacement could be 


fut there were four oO 


irs that may have beer 


a sensitive plate 


nately too, the 
highly inconvenient pa 


i nip 


irth. Its track was along 


in Ocean and through the 


\ustralia where there n 
ies and few people. The 
was on Christmas Island, 
of Australia and south of 
This island only measure 
twelve miles and has a pop 
yf about 250, according to the 
nsus. But it was selected by 
British, German and Dutch ex 
tions for it was in the middle of 
track of the eclipse. The dark 
re lasted five minutes and as 
ean do much in five min 
It appears, however, from 
despatches that the 
litions were bad. An expedition 
the Lick Observatory, Califor 
was stationed on the west coast 
Australia, and the Observatory of 
de sent a party into the arid 
lor of Australia, whieh involved | « 
weeks of travel by ¢amel train time road 
which was pretty certain to get instant I st 
future Every 


is taken from 


idiess weather. In Australia the 


ither was favorable. 
the astronomical expeditions to the past 

the field bring home con smaller 

of the results of the eclipse finite. 

then we may have to get time are permanent 


ll sorts of queer ideas, be the moving present 
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PRESIDENT SAMUEL W. STRATTON 
Director of the Bureau of Standards since its establishm« 


elected president of the Massachusetts Institute of 
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s no chance of the two 
ever getting mixed up 
nd in opposite directions. 
here’s a disconcerting 
the 


touch 


paper I can 
the 


ean 


[ roll up 
future past. I 
A.D. 


of chro 


them. I put 


ind what becomes 
9 

vre used to this curving of ap 

nth straight lines in space ever 
ince 1492 when men found that they 
were not living on a flat earth but on 
a sphere. If I travel straight east 
from I shall 


ome back to it from the west. 


eventually 
How 
far I shall have to go depends upon 

I live. If 
the equator, I should have to travel 


this town 


my home were on 


25,000 miles to get to my starting 


near one of th 
this 


eourse of a 


point. If it were 


could do astonishing 


poles, I 


stunt in the morning ’s 
walk. 
Now, 
time line is like the space lines. 
the 


by four dimensions, 


according to Einstein, 


framework of world is measured 


three of 


space 


ind one of time, namely, the up 


right-left, to-fro, past-future 


iown, 
nes. But these are not rigidly fixed. 
They may be bent and distorted like 
1 bird cage that has been twisted and 
wire remains 


the 


rushed, though every 


intact and conn cted to other 
wires just the same. 

Wherever there is a bit of matter, 
wherever there are electrical or mag 
netic forees, there the time and space 
distorted. 
this 
saw that a ray of light from a star, 
like 


straight, 


but would be bent a little out 


limes are more or less 


Einstein, reasoning from idea, 
passing close by a heavy body 


sun, would not travel 
of its 
murse. The eclipse of 1919 brought 
test 
astronomer 


went to Brazil 


chance to Einstein ’s 
the 


eat Britain 


first 
“a, and roval of 


and 


took a photograph of the shadowed 


And 
seven stars seemed shoved out of 


and seven stars about it. 


istomary places just as if in 


SCIENCHI 


on 
n Mars 
priority wi 
of clocks 
Lrom 


past 


uture trom 
present 
result 
the lig 
the mate 
conceivablk 

of relativity 
things, 
known 


hard t 


conceivable 
never 
it 1s 


rut 


strange new not 


may curl around 


circle and so com 
Did I say ‘‘new’’ 
For 


volume of 


of the pen 
open a 
ties and I see ear 
of the Pharaohs 


mouth, 


tail in its 
nity, of which time is 
what the Egyptians m« 


, +} 


Einstein is putting to the 


CHEMIS 
WORLI 


HOW THE 
THE 

THE ch 

of the 


pro les 


mist 


power world, tl 


man, not the ina 
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THE QUEST AT PLYMOUTH 
The Quest, the vessel of the Shackleton-Rowett Antaret 
arrival in Plymouth Harbor on September 16, 
it embarked on September 

Archimedes said he could move the 
world if he had a long enough lever. 
The chemist moves the world with 
molecules. The chemical reactions o 
the consumption of food and fuel 
furnish the energy for our muscles 
and machines. If the chemist can manipulator 

} 7 


only get control of the electron, h manager o 


will be in command of unlimited e1 ind 


ergy. For in this universe of o1 creat 

power seems to be in inverse ratio t tions 

size and the minutest things ; tions 

mightiest. currents 
When we handle particles smaller lutions 

than the atom, we can get behind th chemist does 

elements and may effect more mar what he a 

velous transformations than ever does not usual 

The smaller the building blocks, the his sociologi 

greater the variety of buildings that 

ean be constructed. The chemistry has 


of the past was ii kind of cooking years, 


The chemistry of the future will be unlike those exist 


more hike astronomy; but it will be : period 
new and more useful sort of astron no 


omy such as an astronomer might lems, 
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telligence. Anything that 
wants to say can be con 


t™X 


to anybody who wants 
ywhere in all the wide world 
few minutes, or a few days, 


the 


swt a few months In t 


by which this i accom 


rapid transit by ship, train 


obile, printing, photography, 
and telephone, wired or 
chemistry plays an essentia 
yugh it is so unpretentious 


that it rarely receives re OL 


For instance, the expansion 
ture and the spre 

which put an 

are aseribed t 
movable type by 
body else, nut 
th century But 
rather to the unknown 
invented the process 


The nei 


OFFICERS OF THE QUEST 
the death of Sir Ernest Shackelton, Commander Frank W 
s leader of the expedition. He is shown second fron 
s Commander Wilson. Mr. Wilding is shown on 


camera, 
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n covering a continent and in in succession 


l 


cluding generations vet unborn. What rington The n 


these inventions do for sound, pho be at 


Live rpool: 
tography has done for the siste the n 


meeting will 


ense of light By means of them 
oe ! ". Dr. Roser 


+ 


man is able to transeend the limita , 

man ot the 
tions of time and space. He can Institut 
ASwui ite 
make himself seen and heard 


the earth and to all f 


700 pt I 
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eum of Zoology of the University 


Cambridge ind editor of he 
logical Record; of F. T. Trouton, 

is protesso! ot physics in the 
iversitvy of London, and of E 


gmann, director of the Chemisch 
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tion for the Advancement of Scien 





